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The  Idea  of 
Air  Power 


There  is  only  one  thing  more  fantastic  than  modern  air  power. 
That  is  tomorrow's  air  power.  The  United  States  Air  Force, 
which  has  always  been  a  rather  unbelievable  operation,  has  made  the 
impossible  into  tradition,  and  can  only  justify  its  existence  by  con- 
tinuously incorporating  the  unimaginable  into  routine  procedure. 

We  are  no  longer  amazed  at  such  marvels  as  mid-air  refueling  of 
giant  jet  bombers.  It  does  not  even  occur  to  us  to  doubt  that,  right 
at  this  moment,  there  is  an  aircraft  crew  quietly  busy  at  the  controls 
of  a  vehicle  flying  faster  than  sound.  Or  that  young  men  in  blue 
uniforms  are  sitting  in  classrooms  listening  to  lectures  on  space  navi- 
gation. Or  that  Air  Force  scientists  are,  right  now,  checking  the  in- 
struments of  a  new  rocket  designed  for  exploration  still  farther  out 
into  the  solar  system. 

1 


Those  of  us  in  the  Air  Force  have  become 
so  accustomed  to  the  rapid  change  of  pace 
that  we  have  had  our  sense  of  wonder 
numbed — numbed  to  the  point  where  we 
accept  fantastic  and  sudden  changes  with- 
out even  mild  surprise. 

Most  of  us  feel  incompetent  to  under- 
stand the  intricate  technical  details  of  these 
developments,  and  merely  accept  the  sci- 
entist's word  for  the  truth  of  his  pronounce- 
ments. We  have  grown  too  old  for  fairy 
tales,  and  too  sophistocated  to  enjoy  the 
stage  magician.  We  no  longer  believe  in 
miracles.  Now.  modern  science  provides  us 
with  all  three,  but  with  a  difference.  We 
could  disbelieve  the  fairy  tale  and  still  enjoy 
it.  We  could  applaud  the  magician,  not 
for  his  "magic,"  but  for  his  talent  at  deceiv- 
ing us.  And  in  the  miracle  we  could  find  a 
reminder  of  the  insignificance  of  man's 
knowledge. 

But  now,  if  the  mathematics  professor 
across  the  campus  should  say  we  can  reach 
Mars  in  a  20-day  flight,  or  if  the  newspaper 
should  announce  that  Air  Force  contracts 
have  been  awarded  to  build  a  thermonuclear 
rocket,  or  if  a  foreign  power  should  claim  to 
have  sampled  the  atmosphere  of  Venus  with 
a  rocket  which  is  also  capable  of  annihilat- 
ing all  of  Illinois — now  we  simply  believe  it. 
We  may  be  shocked,  but  we  do  not  wonder. 
We  may  yawn  or  we  may  panic,  but  we  do 
not  doubt. 

The  situation  presents  an  unprecedented 
challenge.  The  man  who  aspires  to  leader- 
ship in  tomorrow's  civil  or  military  affairs 
must  be  adaptable  without  instability.  He 
must  accept  startling  developments  with 
flexibility  but  without  gullibility.  He  must 
constantly  remold  his  decisions  to  the  chang- 
ing framework  of  the  scientific  facts,  but 
must  never  allow  his  technological  ignorance 
to  rob  him  of  his  initiative. 

Progress  and  change  are  no  longer  limited 
so  much  by  technical  know-how  or  produc- 
tion capabilities,  but  principally  by  our 
habits,  our  mental  rigidity,  our  emotional  re- 
sistance to  the  new  and  unknown,  and  our 


natural  tendency  to  cling  to  the  old   and 
familiar. 

It  is  no  accident  that  the  motto  of  Air 
University  is  Proficimus  More  Irretenti — 
Progress  Unhindered  by  Tradition.  (An 
Air  Force  General  of  my  acquaintance  once 
translated  it  as,  "Stay  loose,  boy!  Stay 
loose!")  However  you  translate  it,  it  means 
that  nothing  is  more  certain  than  change, 
that  today  is  never  like  yesterday,  and  that 
the  man  who  can  only  stand  still,  relying 
solely  on  past  experience  and  what  he 
learned  last  year,  will  be  left  behind,  de- 
feated, obsolete,  and  useless. 

The  simplest  and  yet  most  striking  ex- 
ample of  this  is  the  man  who  clings  to  the 
old  idea  of  measuring  travel  distances  in 
miles.  Such  a  man  finds  it  difficult  or  im- 
possible to  grasp  the  idea  of  a  world  actually 
made  smaller  by  the  modern  aircraft  and 
missile.  This  man  will  ask  the  conductor  on 
a  train,  "How  far  to  Plainsville?"  and  expect 
to  be  answered  in  minutes — not  in  miles. 
Yet  he  still  thinks  of  Europe  as  being  thou- 
sands of  miles  away  rather  than  a  few  hun- 
dred minutes  away.  He  cannot  fully  adapt 
to  the  fact  that,  to  the  traveler,  the  bomber, 
and  the  missile,  miles  are  meaningless.  To- 
day, the  measuring  stick  for  distance  is  time, 
and,  measured  by  the  clock,  the  world  is 
rapidly  shrinking  to  neighborhood  size. 

There  are  those,  too.  who  are  blinded  by 
today's  headlines.  They  read  of  missiles  that 
fly  faster  and  higher  than  manned  aircraft, 
and  they  conclude  that  the  pilot  has  seen  his 
last  days.  They  do  not  look  ahead  to  the  fu- 
ture results  of  current  research.  They  do 
not  consider  that  headlines  seldom  reflect 
the  on-going  daily  grind  of  the  scientist 
and  the  engineer.  This  work — the  patient 
dissection  of  intricate  and  infinite  details — is 
unspectacular.  It  isn't  "newsworthy."  But 
it  is  the  work  that  will  change  everything 
again  tomorrow.  It  is  the  work  resulting 
from  the  idea  that,  if  a  missile  is  good,  a 
missile  with  a  man  in  it  is  better.  Or  per- 
haps— who  knows — something  else  is  better 
yet. 


A  book  such  as  this  is  mere  history.  Even 
as  it  is  written,  it  becomes  obsolete.  As  you 
read  it,  you  must  constantly  remind  your- 
self that  what  is  said  here  is  only  a  starting 
place.  It  is  where  we  are  going  that  is  im- 
portant, and  how  fast. 

Remind  yourself,  from  time  to  time,  that 
there  are  millions  of  people  alive  today  who 
were  college  freshmen  before  any  man  had 
ever  flown  in  a  controlled,  self-powered  air- 
craft. In  hardly  more  than  a  half  century, 
aviation  has  progressed  from  Orville 
Wright's  12-second  flight  to  2,000  m.  p.  h. 
jet-propelled  aircraft  and  rockets  capable 
of  reaching  the  moon.  Can  you  stretch  your 
imagination  enough  to  conceive  what  mili- 
tary and  civil  aviation  will  be  like  50  years 
from  now — or  even  by  the  time  you  are  40 
years  old? 

You  may  be  a  traveler  to  the  moon,  an  air 
officer  on  a  satellite  in  the  depths  of  space, 
or  a  civilian  leader  who  helps  promote  such 
operations.  You  may  commute  from  home 
to  a  job  hundreds  of  miles  away  in  your  own 
aircraft,  or  in  a  rocket-propelled  air-bus. 
You  may  mail  a  letter  from  Los  Angeles  to 
London  and  have  it  delivered  the  same  day. 
You  will  be  a  responsible  citizen  on  a  planet 
so  small  that  no  spot  on  its  surface  is  more 
than  a  few  short  hours — perhaps  minutes — 
from  any  other. 

The  fabulous  speed  and  range  of  modern 
air  and  space  craft  have  placed  our  allies 
right  on  our  front  porch,  and  our  enemies 
right  at  the  back  window. 

Can  we  fully  grasp  the  significance  of 
artificial  satellies,  of  space-traveling  ballistic 
missiles,  and  of  man-carrying  rocket  ships, 
and  yet  continue  to  use  the  old  terms:  air- 
craft, aviation,  air  science,  air  power,  air 
force,  air  age?     Must  we  have  a  separate  set 


of  terms — space  craft,  astronautics,  etc. — 
which  would  erroneously  imply  that  we  are 
dealing  with  a  completely  separate  and  en- 
tirely different  kind  of  phenomenon,  with 
different  purposes  and  different  implica- 
tions? Or  must  we  eventually  develop  terms 
which  will  include  both? 

The  question  is  not  to  be  taken  lightly. 
The  words  we  use  do  much  to  mold  our 
thinking  and  to  determine  our  capacity  for 
adaptation  to  the  world  we  live  in.  But  the 
evolution  of  language  cannot  be  rushed.  We 
simply  must  wait  for  the  appropriate  terms 
to  come  into  existence  and  into  general  use. 

Meanwhile,  we  are  forced  to  use  the  old 
ones.  They  need  not  limit  our  thinking  if 
we  are  careful  to  remember  that  when  we 
say  "aircraft,"  we  include  those  that  reach 
the  edges  of  the  atmosphere  and  go  beyond ; 
that  when  we  say  "aviation"  we  include  the 
concept  if  not  the  fact  of  space  stations; 
that  when  we  say  "air  age"  we  include  the 
era  of  the  ballistic  missile  and  the  artificial 
satellite  and  their  revolutionary  effects  on 
warfare  and  international  relations. 

At  times,  the  borderline  between  fact  and 
conjecture  is  difficult  to  discern.  It  vacil- 
lates, of  course,  from  day  to  day.  Such  is 
the  air  age — an  age  of  headlong  change  and 
technological  progress.  We  must  keep  our- 
selves flexible  enough  to  adapt  to  it,  to 
change  our  ideas  of  military  tactics  and 
strategy,  our  ideas  of  distance  and  of  time, 
our  ideas  of  international  relations  and 
diplomacy — our  ideas  about  the  world  com- 
munity. For  tomorrow  will  be  different. 
Only  by  preparing  ourselves  for  tomorrow 
can  we  claim  to  have  made  proper  use  of 

today. 

T.  C.  Rogers. 
Major  General,  USAF, 

Commandant. 


PART  ONE 
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Fundamentals  of  Air  Power 


1  TAN'S  URGE  TO  FLY  is  older  than  history.  It  goes  back  in 
_▼  A  time  to  the  tale  of  Icarus,  the  foolish  aviator  of  Greek  mythol- 
gy,  who  took  to  the  air  with  wings  of  feathers  and  wax,  soared  too 
ligh  toward  the  sun,  and  fell  to  his  death  when  the  wax  melted  away. 
^.  wiser  student  of  the  art  was  the  Renaissance  genius,  Leonardo  da 
/inci,  the  first  human  being  to  attack  the  problem  of  flight  in  a 
cientific  manner.  Da  Vinci  never  flew,  and  his  plans  stayed  on 
>aper,  but  in  the  light  of  what  was  known  in  the  15th  century,  he 
nade  remarkable  progress  in  getting  to  the  heart  of  essential  aero- 
lautical  questions. 

The  dream  of  human  flight  did  not  become  reality  until  late  in 
he  18th  century.  On  the  fifth  day  of  June  1783,  fancy  began  to 
urn  into  fact  when  a  hot  air-filled  balloon  developed  by  Joseph 
ind  Etienne  Montgolfier  rose  into  space.  The  linen  sphere,  111.5 
eet  in  circumference,  stayed  aloft  ten  minutes  and  reached  a  height 
if  984  feet. 


At  almost  the  same  time  another  French 
pioneer,  the  physicist  J.  A.  C.  Charles,  de- 
veloped a  hydrogen-filled  silk  balloon,  which 
first  went  up  on  the  27th  of  August  1783. 
The  next  month  another  hot-air  balloon 
built  by  the  Montgolfiers  carried  two  speci- 
mens of  poultry  and  a  ram  into  the  atmos- 
phere on  the  first  experimental  transport 
flight.  Because  the  animals  had  withstood 
the  adventure  without  mishap,  a  royal  pro- 
hibition against  human  ballooning  was  with- 
drawn, and  on  the  15th  of  October  Jean 
Frangois  de  Rozier  and  one  of  the  Mont- 
golfiers became  the  first  men  to  ascend  into 
the  atmosphere.  The  ascent  lasted  four 
and  one-half  minutes,  and  the  two  pioneers 
of  space  travel  floated  up  to  an  altitude  of 
82  feet.  A  few  days  later  de  Rozier  and  the 
Marquis  d'Arlandes  took  off  on  the  first  bal- 
loon flight  in  history,  a  25-minute  journey 
during  which  they  drifted  over  the  citv  of 
Paris. 

Sustained,  controlled  flight  still  lay  beyond 
the  reach  of  balloonists  a  century  afterward. 
The  year  1871.  nevertheless,  marked  the  real 
beginning  of  the  era  of  air  transport.  The 
Franco-Prussian  War  was  on.  and  Paris  lay 
under  siege.  Cut  off  from  the  rest  of 
France,  the  beleaguered  Parisians  turned  to 


Start  of  balloon  flight  which  carried  de  Rozier  and 

the  Marquis  d'  Arlandes  over  Paris,  November  21 
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the  free  balloon  as  a  means  of  getting  over 
the  wall  of  German  power  that  hemmed 
them  in.  Over  a  period  of  four  months,  64 
balloons  airlifted  four  million  letters  and  88 
passengers  out  of  Paris.  Only  a  few  of  the 
spheres  fell  into  German  hands  or  went 
down  at  sea.  Getting  mail  into  Paris  was 
harder  than  getting  it  out.  but  Gallic  inge- 
nuity mastered  the  problem.  Each  balloon 
that  escaped  from  Paris  had  as  part  of  its 
cargo  a  number  of  homing  pigeons,  which 
later  flew  back  to  the  city  with  return  mail. 


The  first  large-scale  transport  service  did 
not  get  underway  until  1911.  It  also  used 
lighter-than-air  craft,  the  remarkable — and 
controllable — rigid  airships  designed  by 
Count  Ferdinand  von  Zeppelin.  For  two 
years,  a  fleet  of  five  Zeppelins  rode  the  air- 
ways between  several  German  cities.  But 
the  service  could  not  pay  its  way  and  went 
into  the  discard.  Though  the  five  dirigibles 
made  no  money,  they  did  make  the  name 
Zeppelin  famous  by  earning  a  total  of  24.000 
passengers  without  the  loss  of  one  life — a 
dazzling  feat  for  that  primitive  era  of  flight. 
Vet  little  came  of  this  and  later  efforts  to 
harness  lighter-than-air  craft  to  civil  and 
military  needs.  In  the  First  World  War. 
Zeppelin  raids  on  Britain  caused  alarm  but 
changed  nothing.  And  after  the  war,  the 
dirigibles  of  Germany,  Britain,  and  America 
wrote  a  common  record  of  promise  and  dis- 
aster that  left  lighter-than-air  flying  with  a 
past  but  no  prospects.  During  the  Second 
World  War  only  a  limited  number  of  blimps 
earning  out  a  limited  patrol  assignment  saw 
service. 

The  future  belonged  to  a  different  kind 
of  vehicle,  the  heavier-than-air  craft.  It  be- 
came possible  and  then  rose  swiftly  to  su- 
premacy because  of  the  cumulative  labors  of 
scientists,  engineers,  and  artisans  from  many 


countries  over  a  span  of  centuries.  Even  a 
partial  list  of  the  trailblazers  reads  like  a 
Who's  Who  of  scientific  achievement:  Gali- 
leo. d'Alembert,  Newton,  Reynolds,  Lord 
Rayleigh,  Prandtl,  Rernouilli.  Lanchester, 
Kuta,  Joukowski.  Froude,  Drziewiecki,  Lord 
Kelvin,  Eiffel,  and  the  American  von  Kar- 
man.  In  the  field  of  gliding  experiment, 
Lilienthal,  Pilcher,  Chanute,  Ferber.  and 
the  Wright  brothers  led  the  way.  Henson. 
Penaud,  Kress,  Cayley,  Stringfellow,  Maxim, 
Langley,  and.  once  again,  the  Wrights  pio- 
neered the  development  of  powered  heavier- 
than-air  craft.  A  fundamental  contribution 
came  from  Gottlieb  Daimler,  who  invented 
the  high-speed  internal  combustion  engine  in 
1883.  It  was  this  kind  of  hydrocarbon- 
fueled  motor,  with  its  favorable  power- 
weight  ratio,  that  thrust  mankind  into  a  new 
world.  It  transformed  the  bicycle  into  the 
motorcycle,  the  carriage  into  the  automobile, 
the  balloon  into  the  airship,  and,  most  im- 
portant, the  glider  into  the  airplane. 

The  very  mention  of  the  names  of  some 
of  the  men  whose  minds  and  hands  gave  us 
the  heavier-than-air  craft  underlines  how 
long  it  took  to  go  from  speculation  to  the 
reality  of  flight.  The  range  of  interests  of 
these  men  shows,  furthermore,  the  extent  of 
the  knowledge  needed  to  put  the  airplane 
into  the  skv.     The  road  from  Galileo's  studv 


to  the  Wright  brothers'  bicycle  shop  in  Day- 
ton, Ohio,  not  only  took  three  hundred  years 
to  travel  but  also  ran  the  gamut  from  the 
theory  of  physics  to  the  stench  of  a  balky 
four-stroke  engine.  With  the  passage  of 
time,  however,  the  steady  piling-up  of  ab- 
stract and  practical  knowledge  reached  a 
critical  point  and  set  off  a  chain  reaction  in 
which  aeronautical  progress  shot  ahead  at 
an  accelerating  speed.  The  chain  reaction 
still  goes  on,  and  it  is  this  process  which  to- 
day makes  it  easier  in  the  realm  of  aero- 
nautics to  do  harder  things  faster  than  ever. 

The  critical  point  may  have  come  on  the 
17th  of  December  1903.  At  10:30  that 
morning,  the  world  suddenly  changed.  In 
the  presence  of  five  witnesses  and  his 
brother  Wilbur,  Orville  Wright  took  off 
from  the  sands  of  Kitty  Hawk,  North  Caro- 
lina, and  made  history's  first  sustained, 
controlled,  power-driven  flight  in  a  heavier- 
than-air  machine.  It  lasted  12  seconds. 
Between  10:30  and  noon,  Orville  and  Wil- 
bur  took  turns  aboard  the  "Flyer."  The 
fourth  and  final  try  yielded  the  best  results. 
The  plane  flew  852  feet  in  59  seconds. 

With  the  barrier  broken  at  last,  now  all 
things  were  possible.  During  the  next  two 
years,  the  Wrights  worked  hard  at  the  task 
of  building  improvements  into  their  inven- 


Orville  Wright's  historic  flight  at  Kitty  Hawk,  North  Carolina,  December  17,  1903. 
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Monoplane  which   Louis  Bleriot  of  France  flew  31 
miles  across  the  English  Channel  in  July  1909. 


tion  and  went  up  well  over  a  hundred  times 
to  test  their  ideas.  By  1905  they  had  moved 
well  ahead  and  made  the  first  airplane  flight 
of  substantial  duration — a  record  run  of 
24/2  miles  in  38  minutes  and  three  seconds. 
Airmen  the  world  over  now  set  out  to  do 
what  the  Wrights  had  shown  to  be  possible, 
and  many  succeeded — Santos-Dumont  in 
1906,  and  Voisin,  Bleriot.  Farman,  Latham, 
and  S.  F.  Cody  not  long  after. 

For  Wilbur  and  Orville  Wright  these 
were  years  of  triumph  and  gall.  They  had 
to  learn  at  first  hand  that  new  departures 
tend  to  outstrip  human  understanding. 
Outside  of  a  small  group  of  aviation  en- 
thusiasts, they  found  it  difficult  to  get  a 
serious  hearing  either  at  home  or  abroad. 
In  France,  however,  a  warm  welcome  finally 
awaited  them.  That  country  had  scored  a 
number  of  successes  with  lighter-than-air 
craft,  and  attention  there  soon  turned  to  the 
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heavier-than-air  field,  with  excellent  proi 
ress  made  in  1906  and  1907.  The  followir 
year,  Wilbur  Wright  went  to  France,  prove 
that  the  Wright  machine  could  fly  and  f 
well,  and  so  swept  to  glory  while  all  Eurof 
applauded. 

The  excited  interest  stirred  up  by  Wilbui 
demonstrations  marked  the  beginning  of  tl 
international  race  for  air  superiority.  Ove 
night  a  new  idea,  air  power,  took  hold  i 
the  minds  of  soldiers,  sailors,  statesmen,  ar 
the  general  public.  What  one  Wright  d 
in  Europe,  the  other  did  at  home.  Tl 
Wrights  had  sold  an  airplane  to  the  Unitf 
States  Army  on  the  8th  of  February  190 
While  Wilbur  was  in  France,  Orville  bui 
the  Army  machine  and  then  put  it  throus. 
its  paces  at  Fort  Myer,  Virginia,  on  Se; 
tember  3d  before  a  crowd  of  astonish* 
spectators.  That  day's  performance  wip( 
away  all  doubt  at  last. 

After  1908  the  pace  of  aeronautical  a 
vance  quickened.  Overland  flights  oi 
after  another  set  new  records  for  speed,  al' 
tude,  and  length  of  time  aloft.  Overwat 
flights  in  their  turn  wrought  perhaps  ev< 
greater  changes.  In  July  1909  Louis  Bleri 
flew  across  the  English  Channel  from  Ba 
raques  to  the  cliffs  of  Dover.  This  sing 
half-hour  hop  ended  Britain's  age-old  isol 
tion  from  the  European  mainland.  Than 
to  this  feat  and  the  work  of  the  Voisir 
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Delagrange,  Levavasseur,  and  others, 
France  surpassed  the  United  States,  the 
Dirthplace  of  the  airplane,  and  moved  into 
he  lead  in  aeronautical  development.  By 
1913,  however,  both  Germany  and  Britain 
lad  at  least  drawn  even  with  France,  and 
n  some  respects  they  were  forging  ahead 
>f  her. 

AIR    POWER   AND   WAR 

Air  rivalry  soon  began  to  make  an  impres- 
sion on  military  budgets  as  the  great  powers 
hastened  to  set  up  aviation  sections  in  their 
armed  forces.  The  first  employment  of  air- 
raft  in  warfare  came  as  early  as  1911,  in 
rripoli  and  Libya  during  the  Italo-Turkish 
War.  But  neither  this  experiment  nor  a 
imilar  one  in  the  Balkan  War  of  1912-1913 
lad  any  military  significance.  In  the  early 
tages  of  the  First  World  War  the  airplane 
-vorked  almost  entirely  as  a  reconnaissance 
ind  photographic  tool.  But  before  long  the 
ighter  interceptor  came  into  being  as  a 
neans  of  putting  a  stop  to  aerial  prying, 
rhis  led  swiftly  to  a  struggle  between  hos- 
ile  packs  of  interceptors  for  control  of  the 
lir  in  which  other  craft,  including  bomb- 
iroppers,  could  operate.  By  the  time  the 
United  States  plunged  into  the  conflict  in 
\pril  1917,  air  war  had  already  assumed  its 
"amiliar  classical  form,  and  the  idea  of  stra- 
ngle bombardment  had  begun  to  move  into 
:he  foreground  of  air  thinking. 

The  airplane  broke  into  history  at  a  time 


when  the  nations  of  the  world,  driven  by 
nationalism  and  the  logic  of  power  politics, 
were  rolling  down  the  slope  that  led  to  the 
First  World  War.  It  was  inevitable  that 
those  same  nations  should  take  hold  of  the 
new  invention  and  shape  it  in  the  image  of 
their  power  needs.  If  the  dominant  theme 
of  the  19th  century  had  been  commercial 
growth,  the  dominant  theme  of  the  first  half 
of  the  20th  century  was  war.  And  the  air- 
plane, as  a  product  of  the  20th  century, 
quickly  reflected  the  era  and  became  above 
all  else  an  instrument  of  destruction. 

Air  power  made  its  mark  as  a  newcomer 
to  the  realm  of  battle.  Within  a  matter  of 
decades,  it  became  the  overlord  of  that  realm 
and  transformed  war.  But  if  air  power  re- 
made war.  war  also  re-made  air  power. 
The  harsh  demands  of  conflict  squeezed  the 
normal  technological  progress  of  a  half- 
century  into  mere  years  and  sent  aeronauti- 
cal development  rocketing  ahead.  In  the 
advanced  industrialized  countries  of  Europe 
and  North  America,  military  necessity 
brought  on  an  unheard  of  investment  of 
brains,  capital,  and  equipment  in  air  power; 
and  the  dividends  reaped  in  aircraft  design 
and  performance  matched  the  rate  of  in- 
vestment. 

As  a  result,  man  has  gone  in  50-odd  years 
from  the  30  mph  pace  of  the  Wright  "Flyer" 
at  Kitty  Hawk  to  the  350  mph  peak  per- 
formance of  bombers  in  the  Second  World 
War,  and  since  then  to  the  upper  subsonic, 

French  Morane  Roulier,  the  first  plane  used  by 
American  aviators  in   France  during  World  War  I. 

U.  S.  Air  Force  Photo 


&£*j 


supersonic,  and  now  hypersonic  speeds  of  jet 
aircraft  and  guided  missiles.  From  the  pis- 
ton-engine, man  has  turned  to  turbojets  and 
rockets  for  propulsive  power.  But  even 
though  these  new  power  plants  are  still  in 
the  early  stages  of  development,  the  cease- 
less hunt  for  more  and  better  propulsion  has 
led  researchers  past  the  known  into  the  al- 
most uncharted  world  of  nuclear,  ionic,  and 
photon  engines.  Dr.  Eugen  Sanger  of  the 
Stuttgart  Research  Institute  for  Physics  of 
Jet  Propulsion,  in  discussing  what  effect  Ein- 
stein's shrinkage  of  time  might  have  on  the 
exploration  of  the  vast  abyss  of  space  be- 
tween our  solar  system  and  the  nearest  stars, 
has  said  that  photon  rockets,  rushing  far  be- 
yond the  speed  of  sound  to  the  speed  of  light 
itself,  represent  the  ultimate  in  jet  propul- 
sion.1 The  successful  launching  of  the  Rus- 
sian Earth  Satellite  in  October  1957  mean- 
while blazed  a  pathway  toward  outer  space 
and  thus  opened  a  new  era  of  flight.  But 
even  earlier  a  U.  S.  Army  rocket  had  reached 
farther  out  into  the  unknown  by  pushing  to 
a  height  of  680  miles:  and  since  then  every 
month  or  week  has  seen  the  rise  and  fall  of 
one  record  after  another.  These  stellar 
feats,  fraught  with  promise  and  hazard  alike, 
only  serve  to  underline  the  problem  of  the 
age:  How  to  draw  common  benefit  instead 
of  common  ruin  from  these  runaway  prod- 
ucts of  the  technology  of  modern  national 
states?  2 

Revolutionary  developments  have  not 
stopped  short  with  the  design  and  perform- 
ance of  air  vehicles.     Air  weapons  have  also 


1  Eugen  Sanger,  "Reaching  for  the  Stars",  The 
Atlantic,  Vol.  200  (Oct.  1957).  pp.  153-55. 


undergone  changes  drastic  enough  to  alter 
the  face  of  the  earth.  Well  before  the  first 
atomic  bomb  at  one  stroke  increased  fire- 
power 166,567  percent,  the  gutted  cities 
of  Europe  testified  to  the  destructiveness  of 
the  earlier  generation  of  bombs.  Between 
1939  and  1945,  high  explosives  and  incen- 
diaries ruined  a  continent  and  made  over  the 
conduct  of  war.  The  Germans  dropped  an 
unprecedented  70,000  tons  of  bombs  on 
Britain.  But  having  sowed  the  wind,  they 
reaped  a  whirlwind  in  the  form  of  the 
2,000,000  tons  of  bombs  that  the  Allied  Air 
Forces  showered  upon  Axis-controlled  Eu- 
rope. About  half  those  bombs  fell  on  Ger- 
many itself  and  made  a  great  contribution 
to  the  victory  of  the  United  Nations.  The 
combination  of  long-range  fighter,  long- 
range  bomber,  and  aerial  bomb  broke  the 
German  Air  Force,  gave  the  Allies  air  su- 
periority, and  thus  unlocked  the  door  to 
Western  Europe  for  General  Eisenhower's 
armies.  Had  the  Allies  realized  the  critical 
nature  of  the  oil  and  transportation  target 
systems  and  hit  them  earlier  and  harder, 
the  invasion  of  a  prostrate  Germany  might 
not  have  been  necessary.  This  conclusion 
stems  from  one  of  the  chief  findings  of  the 
United  States  Strategic  Bombing  Survey: 

The  German  experience  suggests  that 
even  a  first-class  military  power — rugged 
and  resilient  as  Germany  was — cannot  live 
long  under  full-scale  and  free  exploitation 
of  air  weapons  over  the  heart  of  its  terri- 
tory. By  the  beginning  of  1945,  before  the 
invasion  of  the  homeland  itself,  Germany 
was  reaching  a  state  of  helplessness.    Her 

Allied  bombing  of  Axis-controlled  Europe. 


'  For  a  succinct  discussion  of  this  problem,  see 
Quincy  Wright.  "Aviation  and  World  Politics", 
Air  Affairs,  Vol.  1  (Sep  1946).  pp.  97-108  (re- 
printed in  Air  Science  4,  Vol.  Ill,  Book  1,  Mili- 
tary Aspects  of  World  Political  Geography,  pp. 
15-22).  See  also  Thorsten  V.  Kalijarvi,  "The 
Crisis  of  Mankind",  in  Thorsten  V.  Kalijarvi  and 
Associates,  Modern  World  Politics  (New  York, 
1953),  pp.  3-20. 
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armament  production  was  falling  irretriev- 
ably, orderliness  in  effort  was  disappear- 
ing, and  total  disruption  and  disintegra- 
tion were  well  along.  Her  armies  were 
still  in  the  field.  But  with  the  impending 
collapse  of  the  supporting  economy,  the 
indications  were  convincing  that  they 
would  have  to  cease  fighting — any  ef- 
fective fighting — within  a  few  months. 
Germany  was  mortally  wounded. 

In  the  case  of  the  other  great  Axis  power, 
o  invasion  was  necessary  and  none  took 
lace.  Japan  had  long  since  lost  air  su- 
eriority  by  1945,  and  the  bombing  and 
lockade  of  the  last  year  of  the  war  brought 
er  to  her  knees  so  effectively  that  negotia- 
ions  for  surrender  were  already  under  way 
efore  atomic  bombs  fell  and  months  ahead 
f  the  planned  invasion  of  Kyushu.  The 
uclear  weapons  that  leveled  Hiroshima  and 
Nagasaki  in  the  early  days  of  August  1945 
?rved,  however,  as  a  coup  de  grace — a  final 
low  that  put  an  end  to  a  conflict  that  might 
lave  dragged  on.  More  than  that,  those 
wo  primitive  nuclear  devices  revolutionized 
ir  war. 

The  revolution  in  air  weapons  that  began 
>n  the  morning  of  6  August  1945  has  rushed 
»n  without  let-up,  generating  an  array  of 
ission  and  fusion  weapons  hundreds  of  times 
nore  lethal  than  the  Hiroshima  and  Naga- 
aki  bombs.3  Yet  with  the  tremendous  rise 
a  firepower,  the  weapons  have  gotten  rela- 
ively  smaller  and  lighter.  Fast  fighter- 
tombers  like  the  USAF's  Thunderchief  can 
low  carry  and  deliver  atomic  explosives, 
humanity  has  reached  the  point  where  one 
nan  in  one  aircraft  can,  in  an  instant,  kill 
great  city. 


'The  hydrogen  bomb  first  developed  in  1952 
lad  an  explosive  effect  of  about  four  to  five  mil- 
ion  tons  of  TNT,  while  the  1954  model  had  an 
xplosive  effect  comparable  to  that  of  14  or  15 
nillion  tons  of  TNT.  The  newest  H-bombs  are 
aid  to  possess  an  explosive  effect  comparable  to 
hat  of  40  to  50  million  tons  of  TNT.  Georg  W. 
:euchter,  Geschichte  des  Luftkriegs  (Bonn,  1954), 
».  380. 
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The  coupling  of  these  immensely  destruc- 
tive weapons  with  delivery  vehicles  as  swift 
as  the  supersonic  jet,  the  hypersonic  jet,  and 
the  intercontinental  ballistic  missile  has 
given  the  offense  in  war  an  incalculable  edge 
over  the  defense.  And  the  edge  is  economic, 
as  well  as  military,  for  offensive  power  costs 
significantly  less  than  defensive  power. 

THE    PRE-EMINENCE   OF   AIR    POWER 

Science  and  technology  have  transformed 
warfare  in  this  century,  and  air  forces,  as  the 
chief  beneficiaries  of  scientific  and  techno- 
logical advance,  have  played  a  key  role  in 
that  transformation.  The  ways  and  condi- 
tions of  war  are  not  what  they  were  only  a 
short  while  ago.  Conflict  has  become  un- 
limited and  three-dimensional.  It  is  no 
longer  an  affair  involving  the  clash  of 
armies  on  land  or  navies  at  sea.  Air  forces 
have  thrust  it  above  the  surface  of  the  earth 
into  space.  Racing  across  the  endless 
reaches  of  the  sky,  they  have  brought  death 
and  the  ravages  of  war  to  non-combatants 
and  combatants  alike,  to  those  living  and 
working  in  cities  far  from  the  scene  of  sur- 
face battles,  as  well  as  to  those  wearing  uni- 
forms. 

Death  in  a  modern  major  war,  therefore, 
can  touch  civilians  as  readily  as  fighting  men, 
and  sometimes  more  so.  The  combined 
RAF-USAF  night  and  day  assault  on  Ham- 
burg in  July  1943  demonstrated  this  with 
terrible  effect.  The  deluge  of  high  explo- 
sives and  incendiaries  set  off  fire  storms  that 
killed  and  injured  more  people  than  the  sec- 
ond atomic  bomb  did  at  Nagasaki.  In  1945 
the  U.  S.  Twentieth  Air  Force  bombed 
and  burnt  out  the  hearts  of  Tokyo  (over 
7,000.000  population)  and  other  metro- 
politan centers  of  Japan,  robbed  millions  of 
their  homes,  and  caused  countless  casualties. 
But  these  events  were  only  a  foretaste  of 
present  possibilities.  Today  a  modern  air 
force  armed  with  nuclear  and  thermonuclear 
weapons  can  strike  swiftly  and  suddenly  and 
in  minutes  or  hours  leave  a  nation  prostrate. 
Twenty  bombs  on  twenty  cities  may  be 
enough  to  paralyze  or  smash  even  a  major 


power's  war-making  capacity. 

Man  has  thus  given  substance  at  last  t< 
the  concept  of  absolute  war  that  grew  out  o 
the  world  conflict  of  the  French  Revolu 
tionary  era.  All  can  now  kill  all,  and  be 
cause  of  this  the  great,  urgent  task  of  thi 
age  has  become  not  only  the  limiting  of  wa 
but  its  actual  abolition.  The  1948  report  o 
the  President's  Air  Policy  Commission  pu 
the  need  bluntly  and  well: 

There  was  a  time  when  the  Unitei 
States  could  tolerate  with  safety  a  worli 
in  which  war  was  the  final  way  of  settlin 
disputes  among  nations  .  .  .  Our  gee 
graphical  position,  our  Navy,  our  indus 
trial  capacity,  our  manpower,  and  th 
armies,  navies,  and  air  forces  of  nation 
allied  or  associated  with  us,  protected  u 
against  direct  attack  in  the  two  Worl 
Wars  .  .  .  But,  with  the  recent  revok 
tion  in  applied  science  for  destructio 
which  is  still  going  on,  these  safeguarc 
are  no  longer  enough. 

Our  national  security  must  be  redefine 
in  relation  to  the  facts  of  modern  wa: 
Our  security  includes,  as  always,  winnin 
any  war  we  may  get  into;  but  now  it  ir 
eludes  more  than  that.  It  includes  nc 
losing  the  first  campaign  of  the  war  if  th 
loss  would  mean  that  the  country  woul 
be  invaded  and  occupied.  It  includes  nc 
having  our  cities  destroyed  and  our  popi 
lation  decimated  in  the  process  of  ox 
winning  the  first  campaign.  And  furtfu 
it  includes  not  having  our  way  of  life,  an 
particularly  our  civil  liberties,  taken  froi 
us  in  preparing  for  war.  Our  nationt 
security,  when  we  define  it  in  this  way,  ca 
be  assured  only  by  the  elimination  of  wc 
it self. 4 

But  the  same  report  had  to  face  up  to  th 
fact  that  "the  provisions  of  the  United  N; 
tions  Charter  for  the  reduction  and  reguk 
tion  of  armaments  have  not  been  fulfille* 
and  unilateral  disarmament  by  the  Unite 
States  is  out  of  the  question."  The  Con 
mission  then  argued  that  if  war  should  corr 


1  U.  S.,  President's  Air  Policy  Commission,  Su 
rival  in  the  Air  Age  (Washington,  1948),  p.  ' 
Italics  added. 
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ipon  us  in  spite  of  our  efforts  to  foster  world 
>eace  the  United  States  must  be  ready  to 
lefend  itself.  And  for  the  best  military  de- 
mse,  the  Commission  looked  to  the  nation's 
ir  power. 

Mr.  Thomas  K.  Finletter  and  his  col- 
>agues  on  the  Commission  could  see  only 
ne  way  to  achieve  relative  national  secu- 
ity:  the  adoption  of  a  policy  of  arming  our- 
slves  so  strongly  that  hostile  nations  would 
icsitate  to  attack  us  and  our  vital  national 
nterests,  and  come  to  grief  if  they  ever  did 
ttack.  In  the  eyes  of  the  Commissioners, 
nly  American  air  supremacy  could  deter,  or 
f  need  be,  destroy  an  aggressor.  That  over- 
iding  fact  pointed  to  the  inescapable  conclu- 
ion  that  the  United  States  would  have  to 
iuild  its  military  power  around  the  air  arm. 

A  year  before  the  Commission  handed  in 
ts  report,  the  United  States  had  at  last  given 
quality  of  status  to  air  power  by  establishi- 
ng the  United  States  Air  Force  as  an  in- 
lependent  service  coordinate  with  the  Army 
nd  Navy.5  Now,  the  Commission's  find- 
ngs  and  the  pressure  of  events  soon  com- 
)ined  to  make  the  new  service  a  first  among 
quals.  But  it  took  another  war,  the  Korean 
onflict,  to  harden  ideas  into  national  policy. 
*Jot  until  1951  did  the  143  wing  program6 
merge  as  an  accepted  minimum  require  - 
nent  for  defending  the  country's  security. 
Vith  this  and  later  programs  came  budget- 
ry  acknowledgement  of  the  supremacy  of 
ir  power.  The  air  forces  had  finally  come 
nto  their  own. 

Heavy  stress  in  the  1 950's  on  air  might  has 
>een  a  logical  development.  In  the  late 
940's  the  United  States  was  able  to  shield 
he  entire  free  world  from  the  Russians  be- 
:ause  of  a  temporary  air-atomic  monopoly, 
rhat  monopoly  has  gone,  and  Soviet  feats  in 
he  fields  of  aircraft,  missile,  and  nuclear  and 
hermonuclear  development  have  forced  this 


'The  British  had  taken  the  step  in   1918,  the 
Germans  in   1935. 

*  USAF    strength    has    been    reprogrammed    at 
ower  levels  several  times  since  then. 


country  into  a  race  for  survival.    The  danger 
is  great,  and  it  is  growing. 

To  counter  the  Russian  threat,  the  United 
States  has  had  to  make  a  two-pronged  effort 
to  build  its  military  strength.  The  chief  de- 
terrent remains  our  far-reaching  offensive  air 
power.  But  a  secondary  deterrent  has  arisen 
lately  in  the  form  of  modern  defensive  air 
power.  Offensive  aircraft  and  rockets 
promise  quick  devastation  to  the  aggressor's 
homeland,  while  defensive  aircraft  and 
rockets  give  him  cause  to  wonder  whether  he 
can  attack  the  United  States  without  the 
risk  of  decisive  losses  and  failure.  Thus  air 
power,  whatever  its  shape  may  be,  now  more 
than  ever  provides  the  basic  guaranty  of 
national  security. 


f& 


!^y\y>v_^ 


F? 


NATIONAL  AIR   POWER— PRIMARY 
AND  SECONDARY   ELEMENTS 

The  conditions  of  this  age  have  lifted  mili- 
tary air  power  to  such  a  position  of  pre- 
eminence that  at  times  it  seems  to  be  the 
whole  of  air  power.  It  is  not.  Air  power 
means  more  than  a  bomber  with  bombs,  or 
a  rocket  with  warheads.  It  embraces  these, 
but  also  far  more.  Air  power  is  military  and 
civil.  It  is  airports,  air  bases,  and  aircraft 
carriers.  It  is  the  Distant  Early  Warning 
Line,  and  a  radar  scanner  on  board  a 
Miami-bound  airliner.  It  is  the  industry 
that   makes  the  aircraft;   it   is   the  host  of 
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other  industries  that  turn  out  the  compo- 
nents and  accessories,  supply  the  fuel,  and 
dig  up  and  process  the  raw  materials.  Its 
roots  are  in  Clausewitz.  but  also  in  folk  bent 
on  living  long,  quiet  lives.  It  mirrors  na- 
tional strength  and  weakness — the  educa- 
tional standards  attained,  ideals  professed, 
values  held,  morality  practiced.  And  it  pro- 
vides a  good  index  of  scientific  and  tech- 
nological skill  available  for  the  operation  of 
the  nation's  economy  and  the  support  of  its 
security  forces.  It  expresses,  in  short,  all 
the  flaws  and  glories  of  an  onward-rushing 
civilization. 

Each  nation's  ability  to  use  and  control 
the  air  stems  from   the   aptitudes,   talents, 
training,  and  aims  of  its  people.     Only  they 
can   create   and   sustain   air  power.     Only 
they  can  build,  operate,  and  maintain  su- 
perior air  vehicles.     An  air  force  in-being 
may  be  the  supreme  embodiment  of  national 
air  power,  but  it  must  come  into  being  be- 
fore it  can  embody  anything.     The  making 
of  such  a  force  calls  for  more  than  spon- 
taneity and  casualness.     One  observer  "  has 
said:  "Strategy  may,  if  necessary,  be  impro- 
vised;  technology,   unfortunately,   canno'.." 
The  planning,  design,  machining,  assembly, 
testing,  flight,  and  maintenance  of  modern 
air  vehicles  all   call   for  a  vast,   organized 
effort  by  large  numbers  of  highly  skilled, 
highly  educated  people  trained  to  make  the 
best  use  of  the  tools,   techniques,   and   re- 
sources of  a  complex  industrialized  society. 
The  foundation  of  air  power  is  what  the 
people  know,  what  they  can  do,  and  what 
they  will  do.     Without  this  base  on  which 
to  build,  no  superstructure  can  rise.     With 
it,  the  superstructure  of  civil  and  military 
aviation   can   take   shape   and   reach   high. 
Perhaps  the  easiest  way  to  grasp  this  multi- 
layered  conception  of  air  power  is  to  think 
in  terms  of  a  pyramidal  form.     The  accom- 
panying charts  portray  what  Theodore  P. 
Wright,  Vice  President  of  Cornell  Univer- 


7  Crawford  H.  Greenewalt,  President  of  E.  I. 
du  Pont  de  Nemours  Co.,  largest  chemical 
firm  in  the  United  States. 
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Courtesy  of  T.  P.  Wri 
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The  National  Air  Power  Pyramid. 

sity  and  President  of  Cornell  Aeronautic; 
Laboratory.  Inc.,  calls  the  "national  ai 
power  pyramid." 

That  pyramid  (The  National  Air  Powe 
Pyramid — Fundamentals)  presents  in  a: 
ordered  way  the  elements  of  this  nation's  ai 
power.  At  the  apex  of  the  pyramid  is  th 
United  States  Air  Force,  the  spearhead  o 
the  nation's  defense  forces  and  the  chief  de 
terrent  to  aggressors.  In  the  segment  belov 
the  apex  are  the  ground  and  sea  forces  sup 
porting  the  air  arm.  In  the  third  segmen 
are  the  facilities  that  supply  and  sustain  air 
ground,  and  sea  forces.  Next  in  order  come 
civil  aviation,  which  is  of  vital  importance  tc 
our  air  forces  and  the  totality  of  our  aii 
power.  Underlying  all  these  forces,  facilities 
and  services  is  a  stable  and  efficiently  func 
tioning  economy,  represented  near  the  bot- 
tom of  the  pyramid  in  the  sixth  segment 
Such  an  economy  generates  the  wherewithal 


hich  makes  up  the  fifth  segment.  A  high 
■vel  of  education  attained  in  an  atmosphere 
f  academic  freedom  offers  the  best  and  per- 
aps  only  promise  of  enlightenment  and 
rogress.  Without  rigorous  standards  and 
le  right  blend  of  general,  technological,  and 
:ientific  learning,  no  people  can  go  very  far. 
:  takes  a  sure  understanding  of  science  and 
•chnology  to  make  complex  things;  it  also 
ikes  well-developed  civilized  values  to  use 
lem  for  a  good  end.  Finally,  in  the  last  seg- 
ient  at  the  base,  is  the  moral  fibre  of  the 
eople,  that  deepest,  innermost  source  of 
rength  which  forms  the  bed-rock  of  the 
hole  pyramid. 

rimary    Elements 

The  elements  that  combine  to  form  the 
)tality  of  air  power  divide  readily,  for  the 
urposes  of  our  discussion,  into  primary  and 
eeded  for  air  research,  development,  and 
roduction.  Air  equipment  can  be  no  more 
dvanced  than  the  nation's  economy.  And 
be  nation's  economy  in  turn  can  be  no  more 
dvanced  than  the  education  of  its  people, 


secondary'  categories.  Into  the  first  cate- 
gory go  the  elements  of  air  power  in-being, 
the  elements  that  have  to  do  with  the  here 
and  now  of  air  power.  Into  the  second  cate- 
gory go  the  less  obvious  longer-term  ele- 
ments that  underlie  and  in  time  shape  air 
power  in-being. 

The  category  of  primary  elements  includes 
( 1 )  the  air  force,  as  well  as  those  surface 
forces  supporting  it;  (2)  the  aircraft  manu- 
facturing industry';  (3)  civil  airlines  and  air- 
ways; and  (4)  general  aviation.  For  pur- 
poses of  definition,  the  air  force  is  a  military 
force  made  up  of  men,  equipment,  and  in- 
stallations so  organized  as  to  carry  out  mili- 
tary operations  in  the  air.  The  aircraft  in- 
dustry is  the  sum  of  all  existing  aircraft,  mis- 
sile, and  associated  manufacturing  plants, 
together  with  all  related  engineering  and  re- 
search organizations.  Civil  aviation  spans 
the  two  areas  of  non-military  flight :  sched- 
uled airline  service,  and  that  vital  miscellany 
of  air  activities  called  general  aviation. 
Scheduled  airline  service,  the  kind  of  air 
enterprise  most  familiar  to  the  average  citi- 
zen, needs  no  definition.     General  aviation, 


3.   Commercial  Aviation 


however,  does.  It  is  an  over-all  term  for 
non-scheduled  airline  flying,  private  business 
flying,  commercial  agricultural  flying,  patrol 
and  survey  flying,  instructional  flying,  and 
pleasure  flying.  Apart  from  flight  itself, 
civil  aviation  also  spans  a  broad  spectrum  of 
aeronautical  facilities  and  functions:  air- 
ports, airways,  maintenance,  and  radio, 
radar,  meteorological,  and  other  air  naviga- 
tion aids. 

Each  one  of  these  primary  elements  of  air 
power  is.  in  its  own  way.  an  essential  of  in- 
calculable worth.  But  top  place  on  the  list 
must  of  course  go  to  the  air  force,  the  mili- 
tary force  in-being  that  stands  as  the  first  line 
of  the  nation's  defense.  Only  it  can  wage 
and  win  a  major  war  today.  After  it,  in  de- 
scending order  of  direct  value,  come  the 
other  elements  of  air  power  in-being,  the  air- 
craft industry  and  the  civil  aviation  com- 
plex. Because  of  the  immediate,  critical  im- 
portance of  these  primary  elements  to  the 
very  existence  of  the  United  States,  the  re- 
maining chapters  of  Part  I  will  deal  with 
them  in  some  detail. 

Secondary   Elements 

Lack  of  space  and  time  makes  it  impos- 
sible to  do  more  than  mention  the  less  im- 
mediately critical  secondary  elements  of  na- 


potential  of  a  nation's  air  power.  When  a 
else  has  gone,  they  can  be  a  vast  regenen 
tive  asset  for  the  future.  If,  for  exampl 
the  disasters  of  war  wipe  out  air  power  ir 
being,  they  can  work  with  surprising  sun 
ness  and  speed  to  restore  it.  Germany  an 
Japan  lost  every  thing  in  the  ruin  of  the  Sei 
ond  World  War,  including  their  air  forci 
and  their  aircraft  industries.  Now,  less  tha 
15  years  later,  each  country  once  again  h; 
a  military  air  arm.  and  an  air  vehicle  ii 
dustry  that  is  well  along  the  road  to  reco 
cry.  At  the  same  time,  the  two  nations  ha\ 
resumed  their  roles  as  major  participants  i 
world  affairs. 

Though  it  would  be  foolish  to  lose  sigr 
of  the  life-and-death  significance  of  ai 
power  in-being,  it  would  be  at  least  equal! 
foolish  to  overlook  the  elements  or  factoi 
that  shape  air  power  in-being.  They  sustai 
what  is.  and  they  are  the  measure  of  wh< 
may  be. 

Among  the  underlying  factors  that  affec 
a  nation's  air  power  position  over  the  vcai 
are  the  following: 

(1)  Geography  (physical  size  and  cor 
figuration  of  the  country,  its  physical  re 
sources,  its  climate) . 

(2)  Population  (size,  national  characte 
general  level  of  education,  adaptability  t 
aeronautical  requirements). 


Geography 


Population 


Science  and   Industry 


National    Economy  Political 


tional  air  power.  These  elements,  though 
not  generally  as  quick  and  sharp  as  the  pri- 
mary ones  in  their  effect,  nevertheless  exert 
a  long-term  influence  that  is  both  funda- 
mental and  massive.  Air  power  in-being 
grows  out  of  them,  depends  upon  them, 
thrives  on  their  strength  or  sickens  with  the 
contagion  of  their  weakness.  They  are  the 
key  not  only  to  the  actuality  but  also  to  the 


(3)  Level  of  scientific,  technological,  an 
industrial  development. 

(4)  Stability  of  national  economy  (sounc 
ness  of  finance  and  credit  structures,  sounc 
ness  of  budgetary  policy,  availability  of  st£ 
bilizing  governmental  controls). 

(5)  Political  strength  (stability  in  gov 
ernmental  policy,  rational  organization  c 
defenses,  provision  of  incentives  for  air  re 
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earch  and  development) . 

These  factors  exert  their  influence  in  a 
housand  ways,  but  a  few  examples  will  suf- 
ice  to  show  how  they  work  to  foster  or 
under  the  development  of  national  air 
)ower.  The  geography  of  Switzerland,  to 
ake  an  extreme  case,  acts  as  a  drag  on  the 
:ountry's  air  strength.  In  so  small  an  area 
here  is  little  call  for,  and  also  little  room  for, 
lighly  developed  air  power.  Switzerland's 
nternal  air  network  is  minor;  its  interna- 
ional  air  operations  arc  well-run  but  lim- 
ted;  and  its  small  defensive  air  force  must 
iepend  on  the  outside  world  for  aircraft. 

To  move  to  a  positive  example,  the  large 
Dopulation  of  the  United  States  helps  to 
)uild  air  strength  by  furnishing  all  the  fliers, 
echnicians,  maintenance  men,  builders, 
icientists,  and  civil  users  necessary  to  large- 
icale  air  power.  New  Zealand's  small  pop- 
ilation,  by  contrast,  simply  cannot  do  as 
nuch  or  support  as  much. 

But  sheer  numbers  are  not  enough.  Brit- 
nn  is  a  major  air  power.  Indonesia,  with  a 
nuch  larger  population,  is  not.  One  major 
xason  for  this  is  that  at  present  the  level  of 
icientific,  technological,  and  industrial  de- 
velopment is  much  higher  in  the  old  nation 
than  in  the  new  one. 

Yet  even  an  advanced  country  may  fail  in 
its  efforts  to  build  air  power  if  its  economy 
is  unstable.  After  the  First  World  War, 
Germany  was  forbidden  to  make  military  air- 
craft or  have  an  air  force.  Even  without 
such  treaty  restrictions,  German  air  power 
might  well  not  have  thrived  in  the  early  post- 
war years  because  of  the  inflationary  hurri- 
cane that  laid  low  the  country's  economy. 


Germany's  experience  in  the  1950's,  how- 
ever, provides  an  instructive  contrast.  A 
strong  economy,  buttressed  by  sound  budget- 
ary and  credit  policies,  has  created  an  almost 
ideal  environment  for  the  new  growth  of  air 
power  in  the  German  Federal  Republic. 
That  growth  has  already  begun,  and  it 
should  go  forward  rapidly  in  the  coming 
years. 

But  nothing  avails  without  political 
strength.  This  country  and  its  allies  of  the 
free  world  have  fared  well  in  the  race  for 
air  supremacy  only  when  governmental  pol- 
icy has  shown  steadiness  and  consistency, 
when  the  organization  of  national  defenses 
has  recognized  the  proper  roles  and  missions 
of  the  individual  military  services,  and  when 
funds  and  backing  have  been  freely  available 
to  spur  air  research  and  development.  But 
when  policy  has  weakened  into  nervous  ups 
and  downs,  when  the  organization  of  the  de- 
fense establishment  has  run  counter  to  the 
facts  of  military  life,  and  when  support  for 
research  and  development  has  lagged  or  fal- 
tered, then  disaster  or  near-disaster  has  fol- 
lowed. The  experience  of  the  years  after 
the  close  of  the  Second  World  War  illus- 
trates the  point  painfully  and  well. 

These  five  underlying  factors  that  affect  a 
nation's  air  power  over  the  years  are  con- 
stantly at  work,  constantly  defining  its  limits. 
Air  power  in-being  bulks  large  in  our  con- 
sciousness, and  it  should,  but  in  the  long  run 
it  will  do  no  more  and  can  do  no  more  for  us 
than  our  physical  condition,  human  re- 
sources, knowledge,  productivity,  and  polit- 
ical policies  will  allow  in  the  endless  strug- 
gle for  national  survival. 
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Leonardo   da   Vinci's  sketch    of  a    flying    machine, 

1490. 


EARLY     FLIGHT     VEHICLE 
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^^  U.  S.  Air  Force  Photo 

Glider  built  and  flown  in  1896  by  Octave  Chanute,  pioneer  American  flight  enthusiast. 


Motor-driven     balloon     over     Long     Island,     1902. 
A.    Leo    Stevens,    early    American    aeronaut    and 
designer  of  the  craft,  is  at  the  controls. 
"^^  U.  S.  Air  Force  Photo 


j^^  U.  S.  Air  Force  Phc 

Model  of  steam-powered  airplane  built  in  Englan 
by  William  Henson,  1  842.  It  had  a  25  horsepowi 
steam  engine,  but  never  flew. 


irVright  glider 


U.  S.  Air  Force  Photo 


Curtiss  pusher  training  plane  at  College  Park,  Maryland,  1  91 1 


492600   O  -59  -3 
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Tractor  monoplane  built  by  Louis  Bleriot,  1911 


U.  S.  Air  Force  Photo 


U.  S.  Air  Force  Photo 

Lt.  Henry  H.  Arnold,  who  later  became  the  famed  General  "Hap"  Arnold  of  World  War  II,  at  the  controls 
of  Wright  B  airplane  at  College  Park,  Maryland,  191 1 . 

U.  S.  Air  Force  Photo 


U.     S.     Air     Service     Burgess-Wright     seaplane     at 
Corregidor  Island,  P.  I.,  1913. 


EsHKr         \ 


World  War  I  pilotless  aircraft  designed  to  carry 
explosives  behind  German  lines.  Though  the  craft 
was  flown  successfully  several  times,  it  was  never 
used  in  combat. 


U.  S.  Air  Force  Photo 


^*** 


-*«* 


National  Archives 


World  War  I  British  two-seater  Salmson  observation  airplane. 


U.  S.  Air  Force  Photo 


U.  S.  Air  Force  Photo 


FOKKKK     TRIPLANE 


German  World  War  I  Fokker  triplane. 
French  World  War  I  Farman  bomber. 

U.  S.  Air  Force  Photo 


French  built  World  War  I   Spad  two-seater  fighter. 
World  War  I  French  Morane  fighter. 

U.  S.  Air  Force  Photo 


Heath  Sport  plane  winner  of  2d  place  in  "Scientific  American"  Trophy  Race  at  Philadelphia,  September  1  926. 


U.  S    Air  Force  Photo 


Buhl-Verville   "Airster,"    one   of   planes   entered    in 
the  1926  Philadelphia  Air  Race. 


U    S    Air  Force  Photo 
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HAPTER 


Military  Air  Power 


rHE  united  states  air  force  dictionary  defines  military  air 
power  as  "that  part  of  a  nation's  total  air  power  that  is  military 
i  its  character."  '  In  the  harsh  language  of  the  struggle  for  na- 
ional  survival,  it  is  the  edge  of  the  sword  of  a  country's  air  power. 
t  is  not  all  of  air  power,  but  it  and  it  alone  deals  directly  with  an 
:nemy.  It  and  it  alone  can  deter  him,  or  thrust  home  and  destroy 
lim. 

Making  up  the  military  air  power  of  a  nation  are  its  air  forces, 
rhose  air  forces  may  take  different  shapes,  carry  out  different  tasks, 
ind  operate  under  different  commands.  They  may  actually  be 
:alled  air  forces,  or  they  may  take  their  names  from  the  sea  and 
and  services  that  control  them.  But  whatever  their  labels  may  be, 
hey  are  all  air  forces.  They  all  belong  to  the  air.  They  all  exe- 
cute their  missions  in  it.  Added  together,  they  are  military  air 
)ower. 


This  chapter  deals  with  military  air  power 
in  its  national  forms.  All  national  air  forces 
share  the  essential  characteristic  of  air 
power:  an  ability  to  transport  men,  cargo, 
and  weapons  above  the  earth,  unhindered 
by  terrestrial  objects.  But  apart-  from  this, 
they  vary  radically  from  one  point  in  time 
to  the  next,  and  from  one  country  to  the 
next.  Each  national  air  force  is  the  unique 
end  product  of  a  complex  process.  It  may 
resemble  other  air  forces,  but  it  can  never 
be  the  same  because  it  is  an  expression  of  the 
nation  it  serves,  the  conditions  under  which 
that  nation  lives,  and  the  qualities  that  na- 
tion has. 

A  survey  of  national  air  forces  will  show 
how  diverse  military  air  power  can  be.  It 
will  give  some  idea  of  the  differences  that 
exist  not  only  between  hostile  air  forces,  but 
also  between  friendly  ones.  And  it  will  pro- 
vide, furthermore,  a  useful  gauge  for  meas- 
uring and  comparing  the  air  strength  avail- 
able to  the  communist  world  and  the  free 


,orld. 


_     *- 


SOVIET  AIR    POWER 


In  keeping  with  the  principle  that  it  be- 
hooves a  nation  to  know  its  potential 
enemies  and  what  they  can  do,  first  place 
in  this  survey  goes  to  Soviet  air  power.  The 
Russians  claim  to  have  built  and  flown  the 
first  airplane.  Although  this  claim  is  sub- 
ject to  question,  like  other  Russian  historical 
claims,  it  is  a  fact  that  the  Russians  mani- 
fested an  early  interest  in  aviation,  and  were 
conducting  serious  aeronautical  experiments 
before  the  turn  of  the  century.  Igor  Sikor- 
sky, who  in  recent  years  has  contributed  im- 
mensely   to    American    helicopter    develop- 

'  Woodford  Agee  Heflin,  ed.,  The  United 
States  Air  Force  Dictionary  (Washington.  1956). 


ment,  started  building  airplanes  in  Russia  in 
1909.  During  the  First  World  War,  Si- 
korsky designed  and  built  75  bombers  for  the 
Czar's  military  forces.  The  Sikorsky  bomber 
was  quite  advanced  for  its  time.  It  had  four 
engines  of  220  horsepower  each,  and  was 
armed  with  five  machine  guns,  including  a 
tail  gun.  By  the  time  of  the  Bolshevik  Revo- 
lution in  1917,  the  Russians  were  turning  out 
approximately  1,000  planes  a  year  them- 
selves and  were  also  purchasing  other  air- 
craft from  the  French  and  Italians. 

Following  the  Revolution,  the  Russian 
aviation  industry  suffered  heavy  setbacks. 
The  Bolsheviks  were  more  concerned  with 
political  reliability  than  with  technical  cap- 
abilities. Many  aeonautical  technicians  left 
the  country;  others  were  put  to  death.  Two 
notable  exceptions  were  Andrei  Tupolev,  a 
young  mechanical  engineer,  and  Professor 
N.  E.  Zhukovski,  who  had  made  studies  of 
the  theory  of  flight.  These  two  men  per- 
suaded Lenin  to  preserve  and  encourage  the 
study  of  aeronautics  in  Russia.  With  Lenin's 
blessing,  Tupolev  and  Zhukovski  founded 
the  Central  Aerodynamics  and  Hydrody- 
namics Institute  (TsAGI)  in  Moscow  in 
1918.  The  school  has  developed  into  a 
training  institute  for  Soviet  aircraft  de- 
signers, and  Tupolev  has  become  known  as 
the  father  of  the  Soviet  aviation  industry. 

The  Treaty  of  Versailles,  signed  in  1919, 
was  of  tremendous  value  to  Soviet  aviation. 
As  a  result  of  this  treaty,  defeated  Germany 
was  left  with  virtually  no  aircraft  but  hun- 
dreds of  men  who  could  fly  or  were  inter- 
ested in  aeronautics.  The  Russians  and 
Germans  reached  secret  agreements  in  1922, 
which  provided  for  German  technical  as- 
sistance to  the  Soviet  aircraft  industry  and 
aeronautical  training  of  Soviet  officers  in 
Germany.  These  agreements  remained  in 
force  until  Hitler  rose  to  power  in  1933. 
Soviet  aircraft  designs  were  progressively 
improved,  and  new  Soviet  designers  were 
trained.  At  the  same  time,  Soviet  factories 
made  various  aero-engines  under  German, 
French,  British,  and  U.  S.  licenses.    By  1928 
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Russia  was  producing  approximately  50  air- 
craft per  month  in  six  factories. 

To  restore  and  expand  their  sagging  econ- 
omy, which  had  sunk  into  a  condition  of 
chaos  following  the  Revolution,  the  Soviets 
created  a  series  of  Five  Year  Plans.  The 
first  got  under  way  in  1928  and  included  a 
provision  for  the  development  of  aviation. 

The  aviation  program  under  the  first  Five 
Year  Plan  succeeded  only  in  part.  Produc- 
tion lagged  behind  the  projected  target  fig- 
ures, and  the  quality  of  the  aircraft  produced 
failed  to  meet  the  standards  which  had  been 
envisioned.  Confusion  and  duplication  of 
effort  led  to  the  establishment  of  separate 
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World  War  I  Sikorsky  bomber.  It  had  four  220 
horsepower  engines  and  was  armed  with  five  ma- 
chine guns,  including  a  tail  gun. 

organizations  which  took  over  some  of  the 
functions  of  the  Central  Aerodynamics  and 
Hydrodynamics  Institute.  These  independ- 
ent agencies  concerned  themselves  largely 
with  increasing  the  efficiency  of  power 
plants,  improving  the  quality  of  aircraft 
materials,  and  developing  design  staffs  at 
various  aircraft  factories. 

Stimulated  by  foreign  technical  assist- 
ance and  popular  enthusiasm  for  flying  at 
home,  Russian  aviation  made  rapid  strides 
forward.  The  military  hierarchy  was  quick 
to  appreciate  the  value  of  the  air  weapon, 
and  by  1930  the  Soviet  Air  Force  had  at- 
tained a  strength  of  about  1,000  front  line 
aircraft.  But  these  planes  were  an  odd  collec- 


tion of  types,  with  foreign  designs  predom- 
inating. Hence,  the  SAF  at  this  time  was 
not  entirely  capable  of  sustained  combat 
operations.  The  foundation  for  future 
growth,  however,  had  been  firmly  laid.  Do- 
mestic production  increased  to  approxi- 
mately 2,000  aircraft  in  1932;  and  the  air- 
craft industry  came  to  the  point  of  being  able 
to  operate  free  of  outside  help.  Then  came 
a  setback. 

On  December  1,  1934  Communist  Party 
leader  Kirov  was  assassinated.  This  set  off 
a  two-year  purge  which  brought  death  or 
exile  to  thousands  of  non-conformists,  in- 
cluding  a   great   many   high    ranking   air- 
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Close-up  of  Sikorsky  bomber.  Igor  Sikorsky,  later 
to  become  famous  as  a  designer  of  helicopters  in 
the  United  States,  is  the  figure  at  the  center. 

minded  Soviet  officers.  The  purge  was  a 
turning  point  in  Soviet  thinking  about  air 
power.  One  of  those  who  disappeared  was 
the  chief  Soviet  air  theorist,  General 
Khripin.  who  advocated  the  idea  of  inde- 
pendent air  operations  and  championed  the 
fast  long-range  bomber.  Because  of  Khripin. 
Russia  built  Tupolev-designed  four-engined 
bombers  in  spite  of  opposition  from  the 
ground  forces. 

After  Khripin's  downfall  things  changed. 
Russian  air  units  in  Spain  during  the  1936- 
1939  Civil  War  played  a  support,  rather  than 
independent,  role.  The  same  thing  hap- 
pened in  the  Far  East.  The  undeclared 
Russo-Japanese  War  along  the  Mongolian- 


29 


Manchurian  border  was  a  surface  conflict, 
and  the  aircraft  taking  part  in  it  operated 
according  to  Army  needs.  Russian  experi- 
ence in  these  campaigns  and  later  in  the 
Finnish  War  appeared  to  prove  that 
Khripin's  theory  of  the  use  of  aircraft  in  a 
strategic  role  was  basically  wrong.  Bombing 
activities  had  been  confined  almost  exclu- 
sively to  the  support  of  the  ground  forces, 
and  it  seemed  likely  they  would  continue  to 
be.  The  Russians  therefore  reduced  heavy 
bomber  output  and  confined  air  doctrine  to 
the  problems  of  ground  support  operations. 
The  third  Five  Year  Plan,  which  started  in 
1938.  laid  stress  on  tactical  aircraft.  This 
emphasis  lasted  to  the  end  of  the  Second 
World  War. 

The  early  air  battles  that  followed  the 
outbreak  of  war  in  September  1939  seemed 
to  the  Soviet  leaders  to  offer  proof  enough  of 
the  soundness  of  their  doctrine.  The  vic- 
tories of  the  German  Luftwaffe  in  the  on- 
slaughts against  Poland.  Denmark.  Norway, 
the  Low  Countries,  and  France  were  all 
achievements  of  tactical  air  power.  The 
Battle  of  Britain  seemed  added  proof.  It 
was  the  Luftwaffe's  first  attempt  to  carry 
out  something  like  an  independent  strategic 
air  offensive,  and  it  ended  in  failure. 

Germany  attacked  the  Soviet  Union  in 
June  1941.  At  this  time  the  Soviets  were 
producing  about  1,000  aircraft  per  month. 
Over  5,000  Soviet  tactical  aircraft  were 
based  along  the  Eastern  front.  Against  this 
air  force  the  Germans  dispatched  nearly 
3,000  aircraft.  The  result  was  near  anni- 
hilation for  the  Russians.  They  could  not 
match  the  Germans  in  aircraft  performance 
or  pilot  skill,  and  they  paid  a  terrible  price 
for  these  shortcomings.  Soviet  losses  in  the 
first  two  months  amounted  to  nearly  5,000 
aircraft. 

In  addition  to  this  catastrophe,  the  Soviets 
also  faced  another:  the  possible  capture  or 
destruction  of  their  aircraft  manufacturing 
industry.  To  escape  this  final  blow,  they 
worked  feverishly  to  get  their  machinery  to 
remote  cities  and  towns  east  of  the  Ural 
Mountains,  out  of  the  reach  of  German  air 


might.  They  came  through  the  crisis  suc- 
cessfully. By  1942  production  of  aircraft 
returned  to  pre-war  levels,  and  Lend-Lease 
aircraft  and  material  began  to  flow  in  from 
the  Linked  States  and  Great  Britain. 

The  fact  that  the  shift  of  the  aircraft  in- 
dustry from  vulnerable  areas  was  made  to 
protect  it  from  strategic  air  operations  may 
have  had  some  impression  upon  Soviet 
leaders  and  recalled  to  their  minds  the 
theories  of  the  purged  Khripin.  But  it  was 
too  late  to  do  anything  about  those  theories. 
Russia  was  committed  to  a  surface  strategy, 
and  any  switch  to  the  production  of  heavy 
bombers  would  have  robbed  the  Red  Army 
of  the  tactical  air  strength  it  needed.  How- 
ever, in  1942,  a  Long  Range  Flying  Com- 
mand was  created.  This  force,  equipped 
with  Pe-8  four-engined  bombers,  carried 
out  few  strategic  missions,  and  with  none 
too  impressive  results.  For  the  most  part 
the  Long  Range  Flying  Command  flew  in 
support  of  partisan  groups  behind  the  Ger- 
man lines.  During  the  Battle  of  Stalingrad, 
the  force  turned  to  the  transport  of  troops 
and  supplies  and  also  had  tactical  bombing 
as  an  added  mission.  The  Soviets  ap- 
proached the  U.  S.  several  times  for  B-17's 
and  B-24's.  They  did  not  get  any.  in  part 
because  the  Red  Air  Force  had  failed  to  co- 
operate with  the  U.  S.  and  British  Air 
Forces,  but  also  because  of  American  doubts 
about  their  ability  to  maintain  such  aircraft. 

In  1943  the  Soviet  Union  swung  over  to 
the  offensive  against  Germany,  and  by  1944 
Soviet  forces  had  recaptured  enough  terri- 
tory to  permit  the  return  of  aircraft  factories 
from  beyond  the  Urals.  Soviet  aircraft  pro- 
duction climbed  to  40,000  planes,  mostly 
single-engined,  in  1944.  But  that  huge  out- 
put poured  into  the  familiar  channel  of  tac- 
tical air  operations.  The  Russians  were 
masters  of  the  art  of  using  air  power  in  sup- 
port of  armies,  and  they  concentrated  on 
this  specialty  until  the  end  of  the  war  in 
Europe  in  May  1945. 

After  VE-Day.  Stalin  visited  Berlin  and 
saw  the  great  destruction  wrought  by  Ameri- 
can and  British  bombers.    While  he  was  con- 
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sidering  this,  the  U.  S.  dropped  atomic 
bombs  on  Hiroshima  and  Nagasaki  and 
forced  Japan  to  surrender.  It  became  imme- 
diately apparent  to  Stalin  and  the  Soviet 
military  leaders  that  their  air  doctrine, 
though  adequate  for  the  war  just  completed, 
now  needed  extensive  revision.  The  same 
was  true  for  their  air  force  in-being. 

The  first  step  in  the  much  needed  revamp- 
ing of  Soviet  air  power  was  the  seizure  of 
nearly  80  percent  of  the  German  aircraft 
industry.  With  the  plants  themselves  came 
a  large  number  of  aeronautical  engineers  and 
scientists,  plans  for  turbojet,  turboprop,  and 
rocket  engines,  plus  many  actual  engines  of 
these  types  and  vast  quantities  of  data  and 
material  on  both  operational  and  experi- 
mental missiles.  Armed  with  these  spoils  of 
war,  as  well  as  their  own  growing  skills,  the 
Soviets  at  once  set  about  the  task  of  win- 
ning superiority  in  all  fields  of  air  operations. 

The  attainment  of  this  goal  involved  the 
full  exploitation  of  all  available  German 
technical  talent.  At  the  start  the  process  of 
exploitation  took  place  in  East  Germany, 
where  jet  engines  of  German  design  were 


produced  to  power  Russia's  first  jet  aircraft, 
the  YAK- 15,  designed  by  Yakovlev,  and  the 
MIG-9,  a  product  of  the  design  team  of 
Mikoyan  and  Gurevich.  But  the  "catch  up" 
program  moved  along  too  slowly  to  satisfy 
the  Russian  leaders.  There  followed  a 
shakeup  in  the  Red  Air  Force  and  the  forced 
removal  of  the  German  technicians  to  Rus- 
sia. It  is  estimated  that  in  1946  approxi- 
mately 40,000  Germans,  including  3,000  top 
aeronautical  experts,  were  sent  to  Russia. 
These  specialists  took  over  a  wide  variety  of 
positions  in  the  Soviet  aircraft  industry. 
Working  under  them  as  apprentices  were 
trainees  from  the  Soviet  technical  schools. 
Before  long  results  began  to  show.  Russian 
jets  went  into  operational  units,  and  Russian 
aeronautical  developments  went  on  display 
at  the  Aviation  Day  airshows  in  Moscow. 
The  West  was  not  particularly  impressed. 

Two  things  were  happening,  however, 
which  were  destined  both  to  impress  and 
disturb  Western  military  leaders.  First,  the 
design  team  of  Mikoyan  and  Gurevich,  after 
quietly  exploring  the  prospect  of  a  new  kind 
of  jet  interceptor  with   radically  advanced 
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Soviet  MIG-1  5  jet  filter.  It  first  appeared 
at  Moscow  during  the  July  1948  Soviet 
Aviation  Day  Show.  During  the  Korean 
War,  UN  pilots  encountered  MIG-1  5's  in 
appreciable  numbers  over  North  Korea. 
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Soviet  MIG-1  5  captured  during  the  Korean  War.      It  s  markings  have  been  replaced  with  those  of  the  United 

States  Air  Force. 


performance  capabilities,  produced  the 
MIG-1 5  with  the  help  of  German  designs. 
The  MIG-1 5  first  flew  in  July  1947  but  was 
unsatisfactory  because  the  performance  of 
its  engine  fell  short  of  combat  requirements. 
No  jet  power  plant  then  available  to  the 
Soviets  from  their  own  resources  could  meet 
those  requirements.  At  this  juncture,  a  sec- 
ond thing  happened.  In  1947  Great  Britain 
sold  55  "Derwent  V"  and  "Nene"  jet  en- 
gines to  the  Soviets.  The  Nene,  developing 
4,500  pounds  thrust,  was  quite  adequate  to 
power  the  MIG-1 5.  The  Soviets  not  only 
accomplished  series  production  of  the  Nene 
in  little  more  than  a  year,  but  they  also  im- 
proved upon  it  with  the  RD-45  engine  of 
5,000  pounds  thrust,  and  the  VK-1  engine 
with  approximately  6,000  pounds  thrust. 
With  such  engines  the  MIG-1 5  now  came 
into  wide  operational  use  and4 opened  the 
way  to  the  development  of  modern  Soviet 
jet  fighters  and  bombers. 

Before  this,  the  pace  of  Soviet  progress  in 
strategic  bomber  design  had  already  begun 


to  quicken.  The  impetus  came  in  the  form 
of  American  B-29's  which  had  suffered  dam- 
age in  raids  on  Japan  and  made  forced 
landings  in  the  Soviet  Far  East.  The  Rus- 
sians confiscated  the  aircraft  and  turned 
them  over  to  the  designer,  Tupolev,  who 
undertook  the  task  of  creating  a  duplicate. 
Tupolev's  translation  of  the  B-29  into  its 
original  production  breakdown,  and  the 
later  Soviet  production  of  approximately 
1,200  copies,  or  TU-4's,  as  the  Soviets  des- 
ignated them,  were  engineering  feats  of  the 
first  magnitude.  The  TU-4  gave  the  So- 
viets a  long-range  bombing  capability. 
Time  alone  gave  them  the  operating  experi- 
ence which  facilitated  the  subsequent  tran- 
sition to  higher  performance  jet  bombers. 

On  June  25,  1950  the  Korean  War  began. 
The  North  Korean  invasion  caught  the  UN 
ground  forces  by  surprise  and  pushed  them 
back  to  a  small  area  around  the  port  of 
Pusan  on  the  southeast  coast.  But  the  UN 
Air  Forces,  though  limited  in  strength,  had 
no    difficulty    in    virtually    wiping    out    the 
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North  Korean  Air  Force,  which  then  con- 
sisted entirely  of  World  War  Il-vintage 
Soviet  aircraft.  With  the  arrival  of  supplies 
and  reinforcements  the  UN  ground  forces 
were  able  to  take  the  offensive  at  the  end 
of  summer  and  quickly  sent  the  North 
Korean  forces  reeling  back  to  the  Yalu 
River.  At  this  point  Communist  China  en- 
tered the  war  with  "volunteers."  Shortly 
thereafter,  UN  pilots  encountered  MIG-15's 
over  North  Korea,  and  MIG-15  radio  com- 
munications indicated  that  Russian  pilots 
were  at  the  controls  of  some  of  them. 

To  counter  the  MIG-15's,  the  U.  S.  sent 
to  Korea  its  best  fighter  aircraft,  the  F-86. 
The  MIG-15  was  generally  considered  to  be 
superior,  particularly  because  of  its  maneu- 
verability and  exceptional  rate  of  climb. 
Nevertheless,  for  every  F-86  lost,  13 
MIG-15's  went  down.  This  remarkable 
American  success  is  attributable  to  the 
greater  training  and  skill  of  the  USAF  pilots, 
and  also  to  their  highly  developed  teamwork. 


Like  the  Spanish  Civil  War,  the  Korean 
War  gave  the  Soviets  the  opportunity,  with- 
out going  to  war,  to  develop  modern  tactics, 
furnish  combat  experience  to  select  pilots, 
and  test  equipment. 

Although  the  Korean  War  demonstrated 
the  growing  technical  competence  of  the 
Soviet  bloc,  it  also  provided  the  tremendous 
shock  necessary  to  reverse  the  downward 
trend  of  American  military  expenditures. 
In  response  to  the  challenge  posed  by  com- 
munist aggression  in  the  Orient,  the  United 
States  Government  soon  expanded  all  its 
military  forces.  Under  the  143-wing  pro- 
gram adopted  on  1  October  1951,  the  USAF 
was  to  be  more  than  doubled. - 


2  For  a  brief  discussion  of  the  ups  and  downs 
of  the  Air  Force  expansion  program,  sec  Bar- 
ton Leach,  "Obstacles  to  the  Development  of 
American  Air  Power",  The  Annals  of  the  Ameri- 
can Academy  of  Political  and  Social  Science,  Vol. 
299    (May   1955). 


Soviet   TU-4    long    range    bomber,    which    Russian    designers   and    engineers 
copied  from  the  American  B-29. 
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Soviet   Military   Organization 

The  Minister  of  Defense  is  one  of  the 
more  than  forty  ministers  who  control  every 
aspect  of  the  economic,  political,  and  mili- 
tary activities  of  the  Soviet  Union.  He  is 
responsible  to  the  Premier,  through  the 
Presidium  of  the  Council  of  Ministers,  and 
he  exercises  a  centralized  authority  over 
ground,  naval,  and  air  forces,  and  their  sup- 
porting organizations. 

Directly  under  the  Minister  of  Defense  is 
the  General  Staff.  This  agency  receives 
through  the  Minister  of  Defense  the  policy 
decisions  of  the  Communist  Party  leaders 
and  translates  them  into  specific  orders  to 
the  military  services.  The  General  Staff 
is  organized  into  a  number  of  planning  and 
administrative  sections,  the  more  important 
ones  being  Operations,  Intelligence,  Organ- 
ization and  Mobilization,  and  Communica- 
tions. All  of  the  sections  are  staffed  with  a 
mixture  of  officers  from  the  various  branches 
of  the  Soviet  armed  forces. 

Two  administrators  are  on  an  equal  level 
with  the  General  Staff.  One  is  the  Chief 
Inspector,  whose  title  adequately  identifies 
his  duties:  the  other  is  the  Chief  Political 
Administrator.  The  Chief  Political  Admin- 
istrator is  particularly  important  because  he 
has  in  his  charge  the  continuous  political  in- 
doctrination and  education  of  Soviet  military 
personnel.     His  administration  has  its  own 


channels  of  communication,  and  its  influence 
in  spreading  Communist  Party  doctrines  ex- 
tends down  to  the  lowest  rank  and  the 
smallest  unit. 

The  Soviets  have  organized  their  air 
power  into  six  largely  autonomous  air  forces 
which,  with  the  exception  of  the  naval  air 
force,  all  report  directly  to  the  General  Staff. 
These  six  air  forces  are  Long  Range  Avi- 
ation. Fighter  Aviation  of  Air  Defense,  Air 
Force  of  the  Soviet  Army,  Naval  Aviation, 
Aviation  of  Airborne  Forces,  and  the  Civil 
Air  Fleet.  Details  about  the  capabilities  of 
these  major  echelons  will  come  later. 

The  tactical  organization  of  each  air  force 
varies  according  to  its  assigned  mission.  But 
the  administrative  and  operational  subdivi- 
sions are  generally  as  follows:  The  air  army 
is  the  highest  echelon  operating  in  the  field. 
It  includes  three  or  four  air  corps  with  a 
total  aircraft  strength  ranging  from  1,000  to 
1,250  and  is  roughly  comparable  to  a  num- 
bered air  force  in  the  USAF.  The  air  corps 
is  comparable  to  a  USAF  air  division  and 
consists  of  three  or  four  air  divisions  with  a 
total  aircraft  strength  of  about  325.  The  air 
division,  comparable  to  a  USAF  wing,  in- 
cludes three  or  four  air  regiments  with  a 
total  aircraft  strength  of  approximately  108. 

The  air  regiment  is  the  basic  combat 
echelon  operating  in  the  field.  It  resembles 
a  USAF  group.  Three  or  four  squadrons 
may  comprise  one  air  regiment,  and  the 
total  aircraft  strength  is  approximately  36, 
with  the  number  varying  according  to  the 
mission  of  the  regiment.  The  squadron  is 
the  lowest  command  echelon.  It  is  usually 
composed  of  three  or  four  flights  of  four 
aircraft  each  and  is  similar  to  the  USAF 
squadron. 

The  echelons  of  command  within  Naval 
Aviation  are  the  fleet  air  force,  which  is 
an  equivalent  of  the  air  army;  the  fleet  air 
division,  which  is  an  equivalent  of  the  Air 
Division;  and  the  fleet  air  regiment,  which 
is  an  equivalent  of  the  air  regiment.  Naval 
Aviation  has  no  echelon  comparable  to  the 
air  corps. 
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Soviet  Strategic   Capability 

Though  the  Soviet  long-range  bombing 
force  came  into  being  early  in  the  Second 
World  War,  it  played  no  major  role  in  that 
conflict,  never  attained  any  great  size,  and 
worked  at  tasks  that  were  largely  non- 
strategic  in  nature.  But  in  the  postwar  era 
it  underwent  a  drastic  change.  By  July 
1953,  when  the  Korean  War  ended,  it  had 
grown  into  an  armada  of  approximately 
1.200  TU-4  (or  BULL,  under  the  NATO 
designation  system)  bombers.  These  vari- 
ants of  the  B-29  were  all  obsolete,  but  the 
Russians  were  not  slow  to  endow  their  Long 
Range  Aviation  with  modern  quality  as  well 
as  quantity.  They  have  since  demonstrated 
an  ability  to  build  an  advanced,  effective 
strategic  bomber  and  missile  force  armed 
with  nuclear  firepower. 

This  increasing  emphasis  on  strategic  air 
operations  indicates  a  full  Soviet  realization 
of  the  fact  that  for  the  first  time  the  center 
of  power  of  a  potential  enemy  lies  beyond 
the  reach  of  Soviet  ground  forces.  The 
Soviet  strategic  air  arm  exists,  therefore,  to 
do  what  the  Red  Army  can  no  longer  do. 
And  today  Soviet  Long  Range  Aviation  is 
the  most  significant  menace  to  the  security 
of  the  United  States  and  the  free  world.  Its 
over-all  strength  is  no  more  than  10  percent 
of  the  total  of  about  19,000  first  line  Soviet 


aircraft,  but  the  threat  it  poses  to  the  West 
is  unparalleled. 

At  the  1954  May  Day  Air  Show  in  Mos- 
cow, observers  spotted  nine  sweptwing  jet 
bombers  that  looked  like  the  USAF's  B-47. 
This  was  the  West's  first  view  of  the  TU-16, 
or  BADGER,'  an  aircraft  with  an  estimated 
weight  of  over  150,000  pounds,  and  a  speed 
of  about  500  knots.  The  BADGER  is  pow- 
ered by  two  turbojet  engines  developing  an 
estimated  18,000  pounds  of  thrust.  It  has 
a  range  of  something  like  3,000  nautical 
miles,  which  means  that  it  can  hit  targets 
in  Europe,  Asia,  and  North  Africa.  Aerial 
refueling,  a  technique  which  the  Soviets  are 
developing  into  an  operational  tool,  could 
increase  this  range  appreciably.  Observers 
have  seen  as  many  as  50  BADGERS  in  one 
formation,  and  the  evidence  points  to  the 
phasing  out  of  the  BULL  and  its  replace- 
ment in  operational  units  by  newer  types. 

The  1954  Air  Show  also  revealed  an  even 
larger  new  bomber,  comparable  to  the 
USAF's  B-52.  This  giant,  designated 
BISON,  has  four  jet  engines  which  are  prob- 
ably similar  to  the  pair  mounted  in  the 
BADGER.  The  BISON  exists  for  the  ex- 
press purpose  of  reaching  targets  in  the 
United  States.  It  probably  weighs  over 
350,000  pounds,  has  a  wing  span  of  170  feet, 
and  a  range  of  about  5,000  miles  at  a  speed 
of  500  knots. 

The  BEAR,  an  aircraft  that  made  its  first 
showing  in  April  1955,  complete  the  So- 
viet long-range  bomber  inventory  of  the 
mid-fifties.  It  is  powered  by  four  turboprop 
engines  developing  a  total  of  about  12,000 
equivalent  shaft  horsepower  and  turning 
four  counterrotating  propellers.  In  size  the 
BEAR  stands  approximately  midway  be- 
tween the  BADGER  and  the  BISON.  Its 
speed  is  remarkably  high  for  a  turboprop — 
about  475  knots — and  its  range,  even  with- 
out aerial  refueling,  is  an  impressive  8,000 
nautical  miles.  Given  aerial  refueling,  be- 
fore leaving  USSR-controlled  territory,  the 
BEAR  should  have  a  range  of  10,000  nauti- 
cal miles. 
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NEWSWEEK  Map  by  Magiil.  c  1953,  NEWSWEEK 


HOW    RUSSIA    MIGHT    CRIPPLE    U.S.    AND    ALLIES 


How  would  the  Russians  start  an  A-bomb  and 
H-bomb  war?  No  Western  expert  is  so  fool- 
hardy as  to  pretend  he  can  answer  that  ques- 
tion with  any  certainty.  But  in  Washington, 
Jules  Menken,  British  analyst  of  Soviet  affairs, 
gave  his  conception  (above).  He  predicted  the 
Reds  would  launch  their  long-range  bombers 
against  the  U.  S.  and  only  incidentally  against 
its  allies,  in  three  waves: 

1 .  To  blot  out  the  radar  net,  shown  schemati- 
cally above. 

2.  To  destroy  American  and  allied  airfields 


"from  which  atomic  retaliation  .  .  .  could  be 
launched,"  and  also  major  American  atomic 
facilities.  Each  airfield  symbol  represents  one 
or  more  bases  available  to  the  U.  S.  Strategic 
Air  Command. 

3.  To  devastate  some  75  metropolitan  areas 
in  the  U.  S.  First  priority  would  be  given  to  the 
fifteen  major  centers  named  and  located  on 
the  map  (each  atom-blast  symbol  represents 
one  or  more  such  targets).  Then  second-and 
third-class  targets,  as  listed  in  the  tabulation, 
would  be  hit. 


492600   O  -59  -4 
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Soviet  long  range  BEAR  strategic  bomber.  It  is 
powered  by  four  turbo  prop  engines  and  has  a  speed 
about  475  knots. 


U.  S.  Air  Force  Photo 


U.  S.  Air  Force  Photo 


Soviet  intercontinental  BISON  bomber.     Comparable  to  the  USAF  B-52,  this  Four  jet-engine  plane  has  a 

range  about  5,000  nautical  miles. 


The  United  States  has  no  counterpart  of 
the  BEAR.  This  aircraft  can  probably  reach 
most  major  targets  in  the  U.  S.  and  return 
to  bases  within  the  USSR.  It  can  also 
serve  as  a  tanker,  and,  if  this  should  hap- 
pen, the  Soviet  potential  for  two-way  inter- 
continental missions  would  be  appreciably 
greater. 

The  faster  BISON  cannot  match  the 
BEAR  in  range,  but  its  reach  is  neverthe- 
less intercontinental.  That,  combined  with 
its  speed,  makes  it  probably  the  most  danger- 
ous of  the  Soviet  bombers.  From  bases  in  the 
area  of  the  Kola  peninsula,  the  BISON  can 
strike  targets  in  northeastern  U.  S.  and  re- 
turn home  without  aerial  refueling.  From 
bases  in  the  Chukotski  peninsula  area,  the 


BISON  can  carry  out  two-way  missions 
against  the  American  Northwest,  again  with- 
out aerial  refueling.  On  one-way  missions 
it  can  penetrate  from  Soviet  bases  to  a  point 
south  of  the  Panama  Canal.  And,  in  spite 
of  its  size,  it  can  operate  from  over  200  air- 
fields within  the  Soviet  Union. 

The  twin-jet  BADGER  and  the  obsolete 
piston-engined  BULL  represent  a  much  less 
immediate  threat  to  the  continental  United 
States.  Neither  aircraft  can  hope  to  execute 
a  two-way  mission  against  American  cities. 
But  they  could  probably  reach  a  number  of 
U.  S.  targets  on  one-way  strikes.  This  kind 
of  operation  would  be  costly  but  might  well 
pay  huge  dividends  if  the  bombloads  were 
nuclear. 
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On  August  26,  1957,  the  Soviet  news 
agency,  Tass,  announced  that  the'  Soviet 
Union  had  successfully  launched  a  "super 
long-distance  inter-continental  multi-stage 
ballistic  rocket."  The  announcement  also 
stated:  "The  solution  of  the  problem  of  de- 
signing inter-continental  ballistic  rockets  will 
make  it  possible  to  reach  remote  areas  with- 
out resorting  to  a  strategic  air  force,  which 
at  the  present  time  is  vulnerable  to  up-to- 
date  means  of  air  defense."  This  news  re- 
lease was  obviously  intended  for  maximum 
propaganda  impact,  but  there  was  no  dis- 
position on  the  part  of  the  West  to  belittle 
the  Soviet  achievement.  Experts  were  quick 
to  point  out,  however,  that  an  appreciable 
lapse  of  time  is  involved  between  the  suc- 
cessful firing  of  an  initial  test  vehicle  and  the 
attainment  of  even  a  limited  operational 
capability.  But  the  announcement  furnished 
a  clear  indication  that  Soviet  progress  in 
rocketry  had  reached  an  advanced  point. 
Soviet  strategic  air  power  will  be  progres- 


sively transformed  as  intercontinental  mis- 
siles gradually  take  the  place  of  manned  air- 
craft. The  end  product  of  the  process  now 
beginning  will  be  a  transformed  and  infi- 
nitely more  powerful  Soviet  strategic  air 
striking  force. 

Unless  the  Soviet  Union  should  find  itself 
in  a  position  either  of  desperation  or  limit- 
less atomic  plenty,  it  will  probably  carry 
nuclear  and  thermonuclear  weapons  only  in 
those  air  vehicles  whose  range  and  speed 
offer  the  greatest  promise  of  success.  Among 
such  vehicles  are  the  BISON  turbojets  and. 
to  a  lesser  extent,  the  BEAR  turboprops  de- 
scribed above,  plus  rocket  propelled  Inter- 
mediate Range  Ballistic  Missiles,  and  Inter- 
continental Ballistic  Missiles  as  they  become 
operationally    available.     Megaton    range 3 


:!  One  megaton  is  equal  to  the  explosive  power 
of  one  million  tons  of  TNT.  The  total  weight  of 
bombs  dropped  on  Nazi  Germany  in  six  years  by 
the  British  Royal  Air  Force  and  the  United  States 
Army  Air  Forces  amounted  to  approximately  1.4 
megatons. 


y 


U.  S.  Air  Force  Photo 

Twin-jet  Soviet  TU-1 6  BADGER.      Looking  like  the  USAF's  B-47,  this  jet  bomber  has  a  range  of  about 

3,000  nautical  miles  without  aerial  refueling. 
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atomic  devices  of  the  kind  that  the  Soviets 
have  detonated  since  1955  threaten  the  very 
life  of  the  United  States  because  the  ve- 
hicles for  delivering  them  are  in-being. 
The  threat  will  grow  as  Soviet  scientists  and 
engineers  couple  ever  more  destructive 
bombs  with  infinitely  faster,  farther-reaching 
air  vehicles. 


Soviet  Air   Defense   Capability 

Soviet  air  defense  did  not  attain  any  out- 
standing capabilities  during  the  Second 
World  War.  This  was  partly  because  it  never 
had  to.  The  German  Luftwaffe  at  no  time 
attempted  to  subject  the  Soviet  Union  to 
the  kind  of  strategic  air  campaign  it  waged 
against  Britain  in  1940  and  1941.  Since  the 
Second  World  War,  however,  the  Soviets 
have  had  the  wisdom  to  undertake  a  much 
greater  air  defense  effort.  Undoubtedly,  the 
spur  of  fear  has  helped  them  along.  For 
some  time  now  the  results  of  their  own 
atomic  tests  have  given  them  a  firsthand 
awareness  of  what  nuclear  weapons  might 
do  to  the  Soviet  Union. 

Defense  against  enemy  air  attack  on  the 
homeland  is  the  responsibility  of  an  auton- 
omous Ministry  of  Defense  administration 
known  as  the  Air  Defense  Command,  or 
PVO  (from  the  initials  of  the  Soviet  des- 
ignation, Protivo-Vozdushnaia  Oborona) . 
The  PVO  is  composed  of  three  major  ech- 
elons: Fighter  Aviation  of  Air  Defense;  the 
Air  Observation,  Warning,  and  Communi- 


cations Service;  and  Antiaircraft  Artillery. 
These  three  echelons,  working  together, 
stand  guard  in  air  defense  zones  through 
which  enemy  bombers  must  penetrate.  The 
inner  zone  consists  of  local  areas  or  air  de- 
fense districts  covering  large  cities,  industrial 
complexes,  and  military  installations.  Mos- 
cow, Leningrad,  Vladivostok,  and  probably 
the  Baku  oil  fields  are  typical  inner  zone 
defense  points. 

Fighter  Aviation  of  Air  Defense  has  the 
mission  of  defending  strategic  targets 
through  the  interception  of  enemy  bombers. 
It  is  reportedly  an  elite  force,  very  thor- 
oughly trained  and  equipped  with  the  best 
aircraft.  In  the  mid-fifties  its  strength  ap- 
proximated 15  percent  of  the  Soviet  first 
line  aircraft  total  and  consisted  entirely  of 
the  following  fighter  types :  MIG-15  (FAG- 
OT), MIG-17  (FRESCO),  MIG-19 
(FARMER),  and  YAK-25  (FLASH- 
LIGHT). At  that  time  the  MIG-15  was 
already  being  replaced  by  the  MIG-17. 
The  MIG-17  has  a  maximum  speed  of  over 
600  knots 4  and  a  range  estimated  at  600 
nautical  miles.  Its  powerplant  is  a  single 
jet,  probably  an  improvement  of  the  VK-1. 
This  engine  develops  approximately  6,000 
pounds  thrust. 

The  MIG-19  (FARMER)  is  a  twin-jet, 
sweptwing  aircraft  first  observed  in  May 
1955.  It  introduced  a  new  generation  in 
MIG  design.  It  is  larger  than  the  MIG-17, 
and  its  twin  jet  engines  are  encased  in  the 
fuselage.  Its  speed  can  probably  reach  700 
knots,  which  puts  it  in  the  supersonic 
category.  The  other-  new  aircraft,  also  seen 
for  the  first  time  in  May  1955,  is  the  YAK-25 
(FLASHLIGHT),  the  first  Soviet  all- 
weather  interceptor.  It  carries  airborne 
intercept  gear,  is  powered  by  two  jet  engines, 
and  can  attain  a  speed  of  approximately  500 
knots.  In  1956  the  Soviets  displayed  two 
new  versions  of  the  YAK-25,  one  with  a 
solid  pointed  nose  suggesting  aerodynamic 
improvement,   the   other  with   a  glassed-in 


*  One  knot  equals  1.15  statute  miles. 
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pointed  nose  that  hinted  at  a  bombing  or 
ground  attack  role. 

The  Air  Observation,  Warning,  and  Com- 
munications Service  controls  early  warning 
and  ground  control  intercept  radars,  search- 
lights, ground  observer  nets  and  identifica- 
tion techniques.  Antiaircraft  Artillery  op- 
erates the  antiaircraft  guns  and  air  defense 
guided  missiles,  thus  rounding  out  the  Soviet 
air  defense  capability. 


Soviet  Tactical   Capabilities 

Tactical  air  power  is  air  power  that  func- 
tions in  direct  or  indirect  support  of  surface 
operations.  In  the  Soviet  Union  this  sup- 
port function  rests  with  three  forces:  Air 
Force  of  the  Soviet  Army,  Naval  Aviation, 
and  Aviation  of  Airborne  Troops.  Together 
they  represent  the  Soviet  Union's  normal 
tactical  capability.  Standing  by,  ready  to 
supplement  that  capability,  is'  the  Civil  Air 
Fleet. 

The  primary  mission  of  the  Air  Force  of 
the  Soviet  Army  is  to  support  the  ground 
forces.  In  addition,  it  doubles  as  a  local 
defense  force,  since  the  areas  in  which  it  is 
based  generally  lie  outside  the  Soviet  Union's 
regular  air  defense  zones.  The  Air  Force 
of  the  Soviet  Army  has  approximately  10,000 
first  line  aircraft,  or  more  than  50  percent 


of  Soviet  military  air  strength,  and  is  organ- 
ized into  an  estimated  15  air  armies.  The 
aircraft  assigned  to  it  include  both  jet  fighters 
and  jet  light  bombers.  The  fighters  are  the 
MIG-15  and  MIG-17,  and  possibly  the 
MIG-19  and  YAK-25  for  local  air  defense 
purposes.  The  standard  short-range  bomber 
is  the  IL-28  (BEAGLE),  a  twin-jet  aircraft 
which  first  appeared  in  1950.  It  has  a  maxi- 
mum speed  of  approximately  450  knots  and 
a  range  on  the  order  of  1,000  nautical  miles. 
This  level  of  performance  no  longer  meas- 
ures up  to  combat  needs,  however,  and  the 
IL-28  will  probably  give  way  soon  to  more 
modern  aircraft. 

The  second  tactical  air  component  is 
Naval  Aviation.  Because  the  Soviets  have 
no  aircraft  carriers,  this  force  operates  en- 
tirely from  shore  bases.  It  is  assigned  to  the 
four  fleet  commands:  Northern,  Baltic, 
Black  Sea,  and  Pacific.  Like  any  naval  air 
arm,  it  has  a  wide  variety  of  missions  includ- 
ing antisubmarine  work,  long-range  recon- 
naissance, aerial  mining  of  coastal  areas,  and 
destruction  of  enemy  surface  and  air  forces. 
This  last  suggests  that  Naval  Aviation,  like 
the  Air  Force  of  the  Soviet  Army,  has  an  air 
defense  responsibility  in  peripheral  or  coastal 
areas.  Some  of  its  aircraft  are  peculiarly 
naval  in  character,  but  many  others  are  or- 
thodox fighters  and  bombers.  Among  the 
specific  types  identified  with  Naval  Aviation 
are  the  MIG-15,  MIG-17,  the  IL-28,  the 
TU-14  (BOSUN),  which  is  a  twin-jet 
bomber  similar  to  the  IL-28,  and  a  miscel- 
lany of  small  transports  and  seaplanes. 

The  third  tactical  air  component  is  Avia- 
tion of  Airborne  Troops.  Although  the 
Soviets  pioneered  the  technique  of  airborne 
operations  in  the  1930's,  they  have  used  it 
little  and  to  no  great  effect.  The  total  num- 
ber of  airborne  troops  today  probably  ex- 
ceeds 75,000  men;  besides  these  there  may 
be  an  equal  number  of  infantrymen  trained 
for  combat  duties  involving  air  movement. 
The  basic  mission  of  Aviation  of  Airborne 
Troops  is,  of  course,  cooperation  with  the 
ground  forces.    But  to  carry  out  this  mission 
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it  has  less  than  five  percent  of  the  total  num- 
ber of  Soviet  military  aircraft,  which  sug- 
gests that  airborne  troop  training  has  far 
outpaced  airlift  capabilities.  Aircraft  as- 
signed to  airborne  work  include  the  LI-2 
(CAB),  a  Soviet  version  of  the  American 
DC-3  (or  C-47),  which  the  Russians  re- 
ceived in  large  numbers  during  the  Second 
World  War  or  built  themselves  under  license ; 
the  IL-12  (COACH) ,  a  more  modern  twin- 
engined  transport  similar  to  the  Convair; 
and  the  IL-14  (CRATE),  an  improved 
version  of  the  IL-12.  Besides  these  powered 
troop  carriers  the  Soviets  also  have  a  sub- 
stantial quantity  of  gliders  whose  capacities 
and  characteristics  remain  somewhat  of  a 

mystery. 

The  final  component  of  Soviet  tactical  air 
power  is  the  Civil  Air  Fleet,  or  Aeroflot,  an 
organization  combining  both  civil  and  mili- 
tary air  transport  functions.  In  wartime  its 
aircraft  take  up  assignments  with  Long 
Range  Aviation  and  Aviation  of  Airborne 
Troops.  In  peacetime  it  provides  normal 
scheduled  airline  services  in  the  USSR  and 
along  a  few  international  routes  into  adja- 
cent countries.  It  also  operates  aircraft  for 
such  diverse  purposes  as  crop  spraying,  forest 
fire  fighting,  and  meteorological  survey. 
For  both  scheduled  and  irregular  transport 
operations,  it  had  an  estimated  1,800  planes 
in  the  middle  1950's.  They  included  the 
LI-2,  IL-12,  IL-14,  and  the  TU-104 
(CAMEL),     a     twin-jet     based     on     the 
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Soviet  IL-12,  twin-engine  troop  carrier. 


BADGER  design,  which  first  appeared  in 
1955.  In  1957,  three  new  transports,  each 
powered  by  four  turboprop  engines,  made 
their  debut.  They  are  the  Ukraina,  the 
Moskva,  or  IL-18,  which  looks  something 
like  the  American  piston-engined  DC-7,  and 
the  TU-114.  Also  in  1957,  a  4  jet  version 
of  the  TU-104  appeared,  bearing  the  So- 
viet designation  of  TU-110.  (See  also 
chapter  5,  footnote  19.) 

The  Civil  Air  Fleet  has  a  significant  place 
in  any  over-all  estimate  of  Soviet  air  power. 
It  not  only  fills  Soviet  air  transport  needs, 
but  also  represents  a  large  ready  reserve  of 
aircraft  and  trained  men.  The  Soviets  have 
demonstrated  increased  efforts  to  spread 
their  political  and  economic  influence 
throughout  the  non-communist  world  by  ex- 
pansion of  international  air  routes. 
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Soviet  TU-104,  CAMEL,  twin-jet  transport 
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The   Sino-Soviet   Bloc 

A  complete  assessment  of  Soviet  air  power 
must  include  a  consideration  of  the  gross  air 
power  of  the  whole  Sino-Soviet  bloc,  for 
Soviet  air  power  extends  far  beyond  the 
boundaries  of  the  Soviet  Union  itself.  In 
addition  to  the  USSR,  the  Sino-Soviet  bloc 
embraces  the  satellite  states  of  Albania,  Bul- 
garia, Czechoslovakia,  East  Germany,  Hun- 
gary, Poland,  and  Rumania  in  Eastern 
Europe,  and  Communist  China,  North 
Korea,  and  North  Viet  Nam  in  the  Far 
East.  With  the  exception  of  Hungary, 
which  lost  its  air  force  after  the  failure  of 
the  October  1956  uprising,  and  North  Viet 
Nam,  which  has  never  had  one,  all  of  the 
Sino-Soviet  bloc  countries  can  claim  some 
kind  of  air  arm.  The  Soviet  Union  of 
course  is  far  and  away  the  dominant  air 
power  of  the  bloc,  but  the  air  strength  of  its 
allies  and  clients  i<=  worth  noting. 

The  air  forces  of  the  European  satellites 
total  approximately  3,000  aircraft.  Apart 
from  a  few  locally-made  liaison  types,  almost 
all  of  these  aircraft,  as  well  as  the  supplies 
and  equipment  necessary  for  their  operation, 
originated  in  the  Soviet  Union.  The  list  in- 
cludes such  familiar  Soviet  standbys  as  the 
MIG-15,  IL-28,  LI-2,  IL-12,  and  IL-14. 
The  Soviet  Union  also  furnishes  instructors 
for  training  purposes.  The  combat  worth 
and  reliability  of  these  air  forces  are  question- 
able, but,  since  they  are  under  the  control  of 
the  Soviet  Union,  they  pose  a  threat  as  a 


supplement  to  Soviet  air  power.  By  them- 
selves, however,  they  do  not,  and  probably 
will  not,  constitute  a  direct  or  immediate 
menace  to  the  United  States.  They  are 
likely  to  continue  to  fall  heir  to  outdated 
Soviet  aircraft  and  equipment,  and  there  is 
little  chance  that  they  will  develop  any  sig- 
nificant capabilities. 

The  air  forces  of  Communist  China  and 
its  small  North  Korean  neighbor  also  depend 
on  the  Soviet  Union  for  aircraft,  equipment, 
and  training.  But  the  degree  of  direct  Soviet 
control  and  influence  is  probably  substan- 
tially less  than  in  Europe.  The  Chinese 
Reds  and  North  Koreans  between  them  have 
about  the  same  quantities  and  types  of 
aircraft  as  the  European  satellites,  with  one 
minor  difference — a  few  obsolete  TU^'s 
that  the  Chinese  have  acquired.  Materal 
similarities  aside,  the  Asian  Communist  air 
forces  have  a  markedly  greater  combat  po- 
tential than  their  East  European  equivalents. 
One  major  reason  for  this  is  that  they  have 
been  able  to  benefit  from  their  years  of  battle 
experience  in  the  Korean  War. 

This  has  been  a  generalized  analysis  of 
Soviet  air  power.  One  central  fact  emerges 
from  it:  the  immense  threat  posed  by  the 
25,000  first  line  aircraft  of  the  Sino-Soviet 
bloc.  The  threat  exists  now.  With  the  ad- 
vent of  missiles  it  will  become  infinitely 
greater.  This  is  the  reality  and  the  prospect, 
the  challenge  to  which  the  free  world  must 
respond. 
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FREE   WORLD  AIR   POWER 

The  foremost  air  powers  of  the  free  world 
are  the  United  States  and  the  United  King- 
dom. The  two  nations  are  allies  of  long 
standing,  and  their  combined  air-atomic 
strength  constitutes  the  major  bulwark 
against  communist  aggression.  In  this  sec- 
tion, attention  will  be  concentrated  not  only 
on  the  United  States  Air  Force,  U.  S.  Naval 
Aviation,  and  U.  S.  Army  Aviation,  but  also 
on  the  United  Kingdom's  Royal  Air  Force 
and  the  associated  air  forces  of  the  British 
Commonwealth  of  Nations.  German  air 
power  too  will  receive  some  emphasis.  After 
two  catastrophic  defeats  in  world  wars,  Ger- 
many is  again  returning  to  a  position  of  the 
first  rank.  For  this  reason  the  rising  new 
West  German  Luftwaffe,  however  limited  its 
present  size  and  function,  deserves  serious 
consideration.  The  North  Atlantic  Treaty 
Organization  will  enter  the  discussion  as  an 
entity,  with  the  focus  not  on  the  countries 
belonging  to  it  but  rather  on  the  organiza- 
tion itself  as  a  collective  instrument  for  keep- 
ing the  peace. 
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North   Atlantic   Treaty   Organization 

The  North  Atlantic  Treaty  Organization 
is  fundamentally  an  association  of  nations 
bound  together  to  resist  aggression  against 
any  of  its  members.  The  geographic  area 
covered  by  NATO  is  vast.  It  ranges  from 
the  United  States  and  Canada  in  the  New- 


World  across  the  Atlantic  and  Europe  to  the 
eastern  frontiers  of  Turkey.  But  the  organi- 
zation's main  theater  of  operations  is  Europe 
and  Asia  Minor.  There  it  seeks  to  prevent 
war  through  strength — predominantly  air 
strength  in  the  form  of  well-trained,  well- 
equipped,  mobile  fighter  and  bomber  forces 
flying  from  a  large  number  of  air  bases 
around  the  Communist  European  land  mass. 
Any  overt  act  of  aggression,  such  as  the  ad- 
vance of  Russian  armies  past  the  Iron  Cur- 
tain or  a  sudden  air  attack  on  any  member 
of  NATO,  will  bring  instant,  violent  retalia- 
tion from  these  NATO  forces. 

But  NATO's  real  value  may  lie  in  its 
meaning  rather  than  in  the  physical  strength 
of  the  forces  at  its  immediate  disposal.  It 
represents  a  line  drawn  across  Europe  which 
the  Russians  know  they  cannot  cross.  The 
Russians  see  before  them  the  men,  guns,  and 
aircraft  that  make  up  the  NATO  shield. 
But  they  also  see  behind  that  shield  the 
poised  might  of  the  RAF's  V-Bomber  force 
and  the  even  larger,  longer-range  U.  S. 
Strategic  Air  Command.  NATO's  shield  is 
enough  to  give  the  Russians  pause.  The 
power  behind  it  serves  as  a  double  deterrent. 

The  North  Atlantic  Treaty  Organization 
stemmed  from  the  political  uncertainty,  eco- 
nomic distress,  and  military  nakedness  that 
afflicted  Western  Europe  in  the  first  years 
after  the  Second  World  War.  A  power 
vacuum  had  developed  in  the  wake  of  Ger- 
man defeat,  and  statesmen  and  generals  alike 
were  haunted  by  the  thought  that  the  Rus- 
sians might  be  tempted  to  fill  it.  Western 
Europe  lay  wide  open,  and  the  Red  Army 
needed  only  marching  orders  to  roll  straight 
to  the  Atlantic  Ocean.  In  all  of  Europe, 
from  Narvik  to  Bari,  and  Helmstedt  to 
Land's  End,  there  were  barely  fifteen  under- 
strength  army  divisions  and  a  miscellany  of 
1,800  tactical  aircraft.  The  prospect  for 
Free  Europe  was  slavery  and  ruin,  for  the 
L'nited  States  a  decisive  shift  of  the  world 
balance  of  power  in  favor  of  Soviet  imperial- 
ism. It  was  under  these  circumstances  that 
the  United  States,  Canada,  Great  Britain, 
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France,  Italy,  Belgium,  the  Netherlands, 
Luxemburg,  Norway,  Denmark,  Portugal, 
and  Iceland  banded  together  to  sign  the 
North  Atlantic  Treaty  in   1949.5 

NATO  collective  defense  got  under  way 
as  a  committee  operation.  But  after  Red 
aggression  set  off  the  Korean  War,  it  became 
clear  that  a  much  stronger  and  tighter  or- 
ganization was  needed  at  once.  The  new 
phase  opened  with  the  arrival  in  Paris  in 
January  1951  of  General  of  the  Army 
Dwight  D.  Eisenhower  as  NATO's  first 
Supreme  Allied  Commander.  Not  until 
then  did  NATO's  forces  grow  in  size  and 
strength.  In  the  mid-1950's,  with  a  total  of 
about  3,000  jet  aircraft  and  150  jet  airfields, 
together  with  varied  land  and  sea  contin- 
gents, the  NATO  Supreme  Commander  had 
at  his  immediate  disposal  the  wherewithal  to 
make  a  substantial   contribution   to  deter- 


The   United   Kingdom 

In  1914  Britain  was  the  island  center  of 
the  greatest  empire  the  world  had  ever  seen. 
Sea  power  had  made  possible  the  growth  of 
that  empire,  and  the  British  knew  it. 
Wherever  they  went  and  wherever  thev 
looked,  they  could  behold  the  benefits  that 
had  accrued  to  them  from  the  effective  con- 
trol of  the  seven  seas.  But  at  the  same  time 
they  were  quick  to  see  that  the  freedom  of 


5  Greece,  Turkey,  and  the  Federal  Republic  of 
Germany  (West  Germany)  became  member  na- 
tions later. 


action,  flexibility,  and  ease  of  concentration 
so  characteristic  of  sea  power  were  qualities 
of  air  power  as  well,  and  to  an  even  greater 
degree. 

More  fundamentally,  the  British  were 
equally  quick  to  realize  that  Francis  Bacon's 
centuries-old  dictum,  "he  that  commands 
the  sea  is  at  great  liberty,  and  may  take  as 
much  or  as  little  of  the  war  as  he  will,"  had 
been  outstripped  by  time  and  invention. 
The  first  British  military  aircraft  flew  on  a 
combat  mission  in  August  1914.  Less  than 
four  years  later,  the  British  Government, 
urged  on  by  the  pressures  of  war,  divorced 
the  Royal  Flying  Corps  from  the  Army  and 
the  Royal  Naval  Air  Service  from  the  Navy, 
and  combined  the  two  into  a  new  service,  the 
Royal  Air  Force.  The  birth  of  the  Royal 
Air  Force  on  April  1,  1918  as  a  third  service, 
equal  to  and  independent  of  the  older  serv- 
ices, amounted  to  recognition  of  the  fact 
that  war  had  changed  drastically  and  that 
air  power  was  or  would  shortly  be  the  key 
to  supremacy. 

During  the  following  two  decades  the 
British  never  withdrew  their  recognition  of 
the  great  role  that  air  power  would  play  in 
national  life.  The  six  years  of  the  Second 
World  War  provided  proof  enough  of  the 
wisdom  of  this  faith  in  what  the  Royal  Air 
Force  could  do  to  guard  the  United  King- 
dom and  then  carry  the  attack  to  the  seat 
of  the  enemy's  power.  Fighter  Command 
turned  back  a  great  German  air  onslaught  in 
the  Battle  of  Britain;  later,  Bomber  Com- 
mand mounted  an  infinitely  greater  strategic 
air  offensive  against  Germany  itself  and 
thereby  contributed  heavily  to  the  winning 
of  the  war. 

Today  the  Royal  Air  Force  holds  an  un- 
challenged position  as  Britain's  foremost 
service.  Its  primary  functions,  like  those  of 
the  United  States  Air  Force,  are: 

(1)  the  defense  of' home  territory,  bases, 
communications,  and  productive  capacity 
against  attack. 

(2)  the  destruction  of  the  enemy's  na- 
tional resources  and,  hence,  his  capacity  to 
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continue  the  struggle. 

Great  Britain  realizes,  however,  that  she 
can  no  longer  hope  to  achieve  these  objec- 
tives on  her  own.  She  therefore  accepts  the 
idea  that  the  Royal  Air  Force,  in  particular 
Bomber  Command  with  its  current  thermo- 
nuclear capacity,  must  function  in  coopera- 
tion with  other  air  forces  as  a  component  of 
over-all  Allied  air  power. 

On  April  4,  1957  the  United  Kingdom 
Government  issued  a  White  Paper6  on  de- 
fense, involving  what  was  described  as  "the 
biggest  change  in  military  policy  ever  made 
in  normal  times."  Over  a  period  of  five 
years,  the  Royal  Air  Force  is  to  be  completely 
reshaped.  There  will  be  a  reduction  in  num- 
bers, a  change  to  a  completely  professional 
force,  a  greater  emphasis  on  guided  missiles 
for  defense  and  offense,  and  a  building  up  of 
highly  mobile  home-based  striking  forces  for 
rapid  reinforcement  of  overseas  garrisons. 

Governmental  control  of  the  Royal  Air 
Force  is  carried  out  through  the  Air  Ministry, 
a  department  similar  in  many  respects  to 
the  Department  of  the  Air  Force  in  the 
United  States.  The  Air  Ministry  has  charge 
of  manning,  administration,  and  organiza- 
tion, and  contains  within  itself  the  Air  Staff, 
headed  by  the  Chief  of  Air  Staff,  which  is 
responsible  for  strategic  planning. 

The  Royal  Air  Force  has  since  its  forma- 
tion in  1918  been  organized  functionally  at 
home,  and  geographically  overseas.  There 
are  four  operational  commands  in  the 
United  Kingdom — Bomber,  Fighter,  Coast- 
al, and  Transport.  Behind  these  stand  the 
support  commands — Flying  Training  Com- 
mand, Technical  Training  Command, 
Maintenance  Command  (the  British  equiv- 
alent of  our  Air  Materiel  Command),  and 
Home  Command  (the  British  equivalent  of 
our  Continental  Air  Command) . 

Outside  of  Great  Britain  the  Royal  Air 
Force  adapts  itself  to  demands,  with  theater 
air  commanders  being  accountable  for  all 
types  of  operations  carried  out  in  their  areas 


of  responsibility.  The  Middle  East  Air 
Force,  with  headquarters  at  Cyprus,  has  a 
sphere  of  interest  stretching  from  the  Medi- 
terranean down  to  South  Africa,  and  from 
Malta  east  to  the  Indian  Ocean.  Some  over- 
lapping occurs  in  the  Mediterranean  with 
the  various  NATO  commands  in  that  area, 
notably  at  Malta,  which  is  both  a  British 
bastion  and  an  important  NATO  base.  In 
the  Far  East  the  Royal  Air  Force's  sphere 
of  interest  covers  the  area  from  Ceylon 
through  Southeast  Asia  to  Hong  Kong  on 
the  coast  of  China.  British  Far  East  Air 
Force  Headquarters  is  situated  at  Singapore. 
Apart  from  these  major  overseas  commands. 
Britain  also  maintains  the  2d  Tactical  Air 
Force  in  Germany  as  a  NATO  commitment, 
and  the  RAF  Light  Bomber  Force,  which  is 
assigned  to  NATO  but  based  in  the  United 
Kingdom.  Under  the  new  defense  policy, 
Britain's  2d  Tactical  Air  Force  will  lose 
about  half  of  its  present  number  of  aircraft 
by  the  end  of  March  1 958  but  will  make  up 
for  the  loss  by  turning  to  atomic  weapons.  A 
similar  reduction  will  take  place  in  the 
NATO-assigned  Light  Bomber  Force. 


"  Official   report  on   governmental   policy. 


Bomber  Command 
The  RAF  War  Manual  states  simply: 
"Since  the  basic  strategy  of  air  power  must  be 
offensive,  the  bomber  will  be  its  primary 
agent."  It  has  been  argued  that  because  the 
United  Kingdom  is  a  member  of  NATO,  the 
RAF  should  concentrate  its  limited  resources 
on  fighters  or  guided  missiles  for  the  defense 
both  of  Britain  and   those  NATO  nations 
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which  lack  the  productive  capacity  to  make 
their  own  fighters  and  guided  missiles.  Brit- 
ish military  leaders,  however,  have  never  had 
any  illusions  about  the  possibility  of  a  100 
percent-effective  air  defense  system.  They 
have  always  held  to  the  belief  that  attack  is 
the  best  means  of  defense. 

The  United  Kingdom,  with  its  high  pop- 
ulation density  and  concentrated  productive 
capacity,  is  an  ideal  target  for  thermonuclear 
warfare.  A  relatively  small  number  of  these 
weapons  could  well  be  quickly  fatal.  The 
British  therefore  look  upon  a  strong  nuclear 
bomber  force  as  an  absolutely  essential  de- 
terrent. They  also  see  it  as  an  equally  essen- 
tial means  of  striking  back  at  an  aggressor 
should  war  come.  Hot  war  aside,  they  re- 
gard that  force,  furthermore,  as  an  indis- 
pensable instrument  of  national  policy,  one 
that  will  reinforce  and  build  respect  for 
British  views  in  the  councils  of  the  world. 

RAF  Bomber  Command  has  in  recent 
years  been  going  through  a  period  of  transi- 
tion from  a  piston  engine  force  to  an  all-jet 
force  complete  with  modern  all-weather 
bombing  equipment.  Although  with  its 
present  equipment  the  Command  does  not 
have  a  truly  long-range  strategic  capability, 
it  needs  one  less  than  the  United  States  does 
because  it  lies  closer  to  a  number  of  potential 
enemy  targets.  Current  British  policy  calls 
for  the  retention  of  Bomber  Command  with 
its  thermonuclear  capacity,  but  research  will 
henceforth  concentrate  on  intermediate 
range  ballistic  missiles. 

Although  Great  Britain  took  an  early  lead 
in  the  jet  transport  field,  progress  in  military 
aviation  has  until  recently  reflected  the  fi- 
nancial restrictions  imposed  by  a  tight  na- 
tional economy.  It  has  taken  a  dozen  years, 
for  example,  to  bring  Bomber  Command's 
equipment  up  to  date.  And,  for  a  number 
of  reasons,  fighter  development  has  also 
lagged  until  recently.  The  British  aero- 
engine industry,  however,  has  steadily  main- 
tained its  lead  internationally  with  a  suc- 
cession of  new,  improved  power  plants.  To 
the  well-tried   engines  in   production  have 


been  added  more  advanced  small,  medium, 
and  large  turbines,  which  offer  high  power- 
to-weight  ratios,  great  development  poten- 
tial, and  improved  economy. 


Fighter  Command 
Fighter  Command  has  been  an  all-jet 
force  since  1948.  Until  recently  its  strength 
consisted  largely  of  day  fighters  whose  basic 
designs  derived  from  specifications  laid 
down  by  the  Air  Ministry  early  in  the  Sec- 
ond World  War.  With  the  advent  of  the 
Hawker  Hunter,  however,  Fighter  Com- 
mand began  to  move  into  a  new  era.  The 
Hunter,  after  a  somewhat  troubled  start,  has 
now  settled  into  squadron  service.  Comple- 
menting it  is  the  Gloster  Javelin,  all-weather 
fighter,  a  twin-jet  craft  which  is  appearing 
in  increasing  numbers.  But  the  pace  of 
progress  has  already  left  these  two  subsonic 
interceptors  behind.  Replacing  them  will 
be  the  English  Electric  P.  1,  a  promising 
supersonic  design,  which  should  become  op- 
erational some  time  in  1958.  The  P.  1 
seems  destined  to  be  the  Royal  Air  Force's 
last  manned  fighter.  The  general  future  in 
air  defense  includes,  of  course,  the  missile, 
which  in  Britain  comes  under  RAF  control, 
and  research  efforts  are  concentrating 
heavily  on  the  development  of  this  kind  of 
weapon. 
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Fighter  Command's  assigned  task  is  to 
provide  for  the  air  defense  of  the  United 
Kingdom  and  its  coastal  waters.  The  aim  is 
to  achieve  so  high  a  degree  of  efficiency  that 
no  enemy  will  be  able  to  penetrate  Britain's 
air  defenses  without  suffering  heavy  losses. 
A  parallel  aim  is  to  achieve  that  efficiency 
with  a  minimum  outlay.  The  British  feel 
that  it  would  be  a  mistake  to  devote  too  high 
a  percentage  of  their  limited  resources  to  an 
effort  that  may  never  give  them  complete 
protection.  To  do  so  would  be  to  run  the 
risk  of  fatally  weakening  the  air-atomic  of- 
fensive power  upon  which  they  chiefly  rely 
for  survival. 
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British  Gloster  "Meteor"  aircraft   in   vertical   flight.         British    Fairey   Delta    2,   a   supersonic   experimental 

research  jet  aircraft. 
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Courtesy  British  Information  Service 
The  Saunders  Roe  S-R  53,  Great  Britain's  first  manned  plane  to  use  a  rocket  as  its  main  power  plant. 


U.  S.  Air  Force  Photo 


British   Hawker   "Hunter"   jet   fighter.      Note  the   missile  attached  to  the  wings. 
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Coastal  Command 
The  principal  duty  of  Coastal  Command 
is  to  work  in  partnership  with  the  Royal 
Navy  to  keep  the  sea  lanes  to  Britain  open. 
The  United  Kingdom  must  import  to  live, 
and  Coastal  Command's  task  is  to  help  see 
to  it  that  nothing  stops  the  flow  of  imports. 
This  task  calls  for  aircraft  which  can  fly 
far.  maneuver  well,  and  earn-  a  varied  load 
of  weapons.  Coastal  Command's  great  an- 
tagonist is  of  course  the  submarine,  and  the 
race  to  devise  ways  and  means  of  counter- 
ing its  developing  threat  is  an  endless  one. 


Transport  Command 
The  function  of  Transport  Command  is 
the  strategic  movement  of  men  and  material 
to  overseas  theaters  and  the  provision  of  air- 
lift to  the  Army  for  airborne  operations, 
troop  movements,  and  air  supply.     Trans- 


port Command  is  scheduled  for  a  substan- 
tial enlargement  under  the  new  defense  pol- 
icy. In  an  emergency  it  would  be  able  to 
supplement  its  strength  by  drawing  on  the 
resources  of  British  civil  aviation.  The  en- 
try into  service  of  such  modern  transports 
as  the  turboprop  Viscount  and  Britannia, 
and  the  turbojet  Comet  II  should  enable  the 
Command  to  provide  strategic  mobility  not 
only  to  the  RAF,  but  also  to  the  Army.  Such 
mobility  is  extremely  important  in  dealing 
with  both  cold  and  hot  war  situations. 

The  British  realize  that  the  RAF  cannot 
protect  them  by  adopting  a  purely  defensive 
strategy-.  At  the  same  time  they  also  realize 
that  the  island  of  Great  Britain,  which  has 
been  likened  to  an  enormous  aircraft  carrier 
firmly  anchored  off  the  coast  of  Europe,  is 
not  an  ideal  place  from  which  to  conduct 
a  modern  strategic  air  offensive.  It  is  too 
small  and  too  crowded.  The  lands  of  the 
Commonwealth,  by  contrast,  offer  more 
than  enough  room  for  dispersion.  Further- 
more, they  are  so  well  scattered  over  the 
globe  as  to  make  it  possible  to  menace  the 
enemy  from  all  points  of  the  compass  and 
force  him  to  spread  his  defenses.  It  is  true 
of  course  that  the  mounting  of  an  air  offen- 
sive from  here,  there,  and  everywhere 
around  the  world  presupposes  a  chain  of 
well-prepared  airdromes  linked  by  adequate 
transport.  Some  of  the  bases  already  exist : 
others  are  under  development:  and  British 
air  transport,  as  noted  above,  is  on  the  up- 
swing. Strategic  offensives  aside.  Common- 
wealth air  bases,  particularly  those  in  the 
troubled  region  from  Malta  east  to  Singa- 
pore, can  be  of  great  use  in  the  handling  of 
local  outbreaks. 

Whatever  the  requirements  may  be,  and 
wherever  they  may  arise,  Britain's  air  power 
will  have  to  meet  them.  The  British  have 
made  up  their  minds  that  only  two  kinds  of 
war  are  now  possible:  the  all-out  nuclear 
struggle,  and  the  limited  brushfire  operation. 
And  they  are  reshaping  the  Royal  Air  Force 
so  that  if  the  need  should  come  it  can  under- 
take either. 
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Canada 

After  a  postwar  lull,  Canada  began  to  re- 
organize and  expand  her  air  force  in  1950. 
Although  the  immediate  reason  was  the  out- 
break of  war  in  Korea,  the  change  was  also 
an  indication  of  Canadian  belief  in  air  power 
as  the  best  insurance  against  a  general  war. 
That  belief  has  not  wavered  since.  The 
Royal  Canadian  Air  Force  today  has  a  three- 
fold mission :  ( 1 )  to  defend  Canada  against 
air  attack ;  ( 2 )  to  furnish  forces  in  support  of 
Canada's  commitment  to  NATO  and  any 
other  collective  security  organization  which 
she  may  join;  and  (3)  to  provide  in  peace- 
time a  strong  nuclear  force  that  can  be 
greatly  expanded  in  the  event  of  a  total  war. 

The  RCAF  is  functionally  organized  into 
four  home  operational  commands- — Tactical, 
Transport,  Air  Defense,  and  Maritime. 
There  is  also  an  air  division  of  12  fighter 
squadrons  based  in  Europe  with  the  NATO 
forces.  Supporting  all  these  elements  are 
the  Air  Material  Command  and  the  Train- 
ing Command.  Canada's  limited  military 
budget  cannot  support  both  offensive  and 


defensive  air  forces  of  any  effective  size. 
The  RCAF  has  therefore  concentrated  on  air 
defense  and  left  the  development  of  offensive 
striking  power  to  the  USAF.  This  is  under- 
standable, for  Canada  in  spite  of  its  pros- 
perity and  phenomenal  growth  is  still  a  mid- 
dle-sized power.  Its  territories  are  vast,  but 
its  population  is  small.  Its  future  is  unlim- 
ited, but  its  present  capacity  is  not. 

The  RCAF's  defense  role  is  a  double  one. 
It  protects  Canada  and  also  stands  guard 
over  the  northern  approaches  to  the  entire 
continent.  Canadian  air  defense  plans  are 
closely  interwoven  with  those  of  the  United 
States,  and  an  RCAF  air  marshal  serves  as 
deputy  to  a  USAF  supreme  commander  in 
the  combined  North  American  Air  Defense 
Command  (NOR  AD) .  NOR  AD  relies  for 
radar  detection  and  warning  on  the  DEW 
Line  (Distant  Early  Warning  Line)  in  the 
Far  North,  the  Mid-Canada  Line  along  the 
55th  parallel,  the  Pinetree  Line  in  southern 
Canada  and  northern  sections  of  the  United 
States,  and  a  diverse  array  of  picket  ships, 
Texas  Towers,  airships,  and  radar  aircraft 
in  the  offshore  areas  of  the  continent.  The 
Canadian  contribution  to  this  complex  com- 
bined warning  system  is  heavy.  No  less  im- 
pressive is  the  RCAF  contribution  to 
NORAD's  fighter  defense  forces.  The  CF- 
100  is  a  first-class  interceptor,  and  coming 
along  as  its  successor  is  the  new  CF-105 
( ARROW ) ,  a  supersonic  all-weather  fighter. 
Both  these  aircraft  are  Canadian-designed 


Canadian  RCAF  CF-100  jet  interceptor 
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and  Canadian-made.  Plans  are  also  being 
made  to  integrate  guided  missiles  into  Can- 
ada's defenses. 

The  RCAF  Transport  Command  has  the 
function  of  moving  men  and  materials  as 
required  to  support  air  operations.  In  addi- 
tion it  is  responsible  for  providing  assistance 
to  the  Army  for  air  transported  operations 
and  air  drop  of  men  and  supplies.  Although 
small  in  size,  the  Command  can  meet  all 
RCAF  requirements.  One  squadron  flew 
beside  the  USAF  carrying  troops  and  sup- 
plies to  and  from  the  operational  theater 
during  the  Korean  War.  Another  squadron 
operated  during  1957  in  Egypt  with  the 
United  Nations  Emergency  Force. 

All  technical  ground  training  and  aircrew 
training  within  the  RCAF  is  carried  out  by 
Training  Command.  The  Command  also 
has  had  the  task  of  training  aircrew  mem- 
bers for  NATO.  This  ambitious  program, 
which  saw  Canadians  teaching  airmen  from 
Norway,  France,  the  Netherlands,  Belgium, 
Italy,  Greece,  and  Turkey,  is  now  nearing 
completion.     But  before  it  ends,  Training 
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Command  will  have  carried  out  the  added 
task  of  training  aircrew  members  from  the 
latest  country  to  join  NATO,  West 
Germany. 

As  an  able  self-supporting  member  of 
NATO,  Canada  has  provided  that  organiza- 
tion with  an  air  division  of  12  fighter  squad- 
rons, complete  with  support  units,,  head- 
quarters, and  a  radar  complement.  The 
division,  flying  Canadian-built  jet  aircraft, 
is  based  in  Europe  as  part  of  NATO's  inte- 
grated fighter  force.  Under  a  mutual  de- 
fense assistance  agreement  Canada  has  sup- 
plied many  front-line  aircraft  to  Turkey  and 
Greece.  RCAF  advisory  groups  have  been 
established  in  these  two  countries  to  assist 
with  the  conversion  and  technical  training 
programs. 

The  RCAF  has  a  small  reserve  force  which 
was  reorganized  in  1956.  It  consists  pri- 
marily of  headquarters  units,  radar  control 
squadrons,  and  jet  fighter  squadrons.  These 
reserve  forces  are  designed  to  support  Air 
Defense  Command  in  time  of  emergency. 


Map  showing  location  of  DEW  Line,  the  Mid- 
Canada  Line,  and  the  Pine  Tree  Line.  Below  is  an 
aerial  view  of  a  typical  DEW  Line  radar  detection 
station. 
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Australia 

The  Royal  Australian  Air  Force,  with 
headquarters  at  Penrith,  has  three  main 
tasks.  They  are  to  provide  and  maintain  a 
task  force,  provide  fighter  defense  at  home, 
and  protect  the  sea  lanes.  Although  Aus- 
tralia still  uses  some  reciprocating  engine  air- 
craft obtained  from  the  United  States  and 
Britain,  it  now  relies  mostly  on  jet  types  pro- 
duced in  Australian  factories.  This  coun- 
try is  continuing  to  provide  a  good  share  of 
the  military  air  power  needed  for  the  pro- 
tection of  its  part  of  the  free  world  against 
aggression. 
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West   Germany  T 

German  military  traditions  and  political 
considerations,  as  well  as  the  rapid  pace  of 
technological  development,  will  in  all  likeli- 
hood influence  the  future  development  of  the 
new  German  Air  Force  as  much  as  present 
NATO  and  United  States  plans  for  the  role 
it  is  to  play  in  the  Western  alliance.  Though 
much  has  been  written  on  the  subject  of  West 


'  Adapted  from  Dr.  Lewis  J.  Edinger,  "Con- 
cept of  the  West  German  Air  Force",  Air  Univer- 
sity Quarterly  Review,  VIII  (Summer  1956),  pp. 
46-58. 


German  armament  in  recent  years,  reliable 
and  detailed  information  is  rather  limited. 
German  military  leaders  have  said  little,  pre- 
sumably not  only  for  reasons  of  security  but 
also  because  rearmament  is  a  hot  political 
issue  in  Western  Germany. 

The  North  Korean  attack  in  June  1950 
provided  the  impetus  for  Western  plans  to 
reverse  the  previous  policy  of  keeping  West 
Germany  indefinitely  demilitarized.  West- 
ern political  and  military  leaders,  particu- 
larly in  the  United  States,  interpreted  the 
invasion  as  a  clear  warning  that  the  forces 
of  Communism  might  soon  launch  an  attack 
against  Western  Europe  through  West  Ger- 
many. Secretary  of  State  Dean  G.  Acheson 
therefore  proposed  the  creation  of  West  Ger- 
man armed  forces  at  a  meeting  of  the  for- 
eign ministers  of  Britain,  France,  and  the 
United  States,  the  three  Western  occupation 
powers,  in  September  1950.  More  than  five 
years  were  to  elapse  before  the  first  Germans 
donned  uniforms.  The  major  reason  for  the 
delay  was  difficulty  in  reconciling  conflicting 
national  viewpoints  on  the  need  for  and  na- 
ture of  West  German  rearmament.  Not  un- 
til the  Paris  Agreements  of  October  1954  did 
the  powers  settle  on  a  final  formula,  and 
another  fifteen  months  passed  before  the  first 
German  units  went  into  training. 

Under  the  terms  of  the  allied  agreements 
providing  for  the  armament  of  West  Ger- 
many, the  new  air  force  is  to  be  strictly  a 
tactical  force.  It  is  to  include  no  strategic 
bombers,  and  its  contemplated  combat 
strength  is  to  be  about  1,000  fighters  and 
fighter-bombers.  Slated  to  become  a  major 
component  of  NATO's  tactical  air  force  in 
central  Europe,  the  German  Air  Force  ap- 
pears designed  primarily  for  counter-air, 
ground  support,  reconnaissance,  airlift,  and 
possibly  interdiction  operations. 

The  new  Luftwaffe  is  likely  to  be  only  a 
pale  shadow  of  its  predecessor,  at  least  in 
terms  of  numbers.  With  a  first  line  combat 
force  of  3,750  planes  and  one  and  a  half 
million  men,  the  old  Luftwaffe  was  in  1939 
an  autonomous  branch  of  the  armed  forces, 
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coequal  with  the  other  services.  Almost  all 
military  aviation  and  air  defense  units  were 
under  its  control.  The  new  air  force  ap- 
pears destined  to  be  only  a  minor  component 
of  the  German  defense  establishment.  It 
will  have  no  more  than  80,000  men  (about 
one-fifth  the  manpower  of  the  ground 
forces) ,  only  a  part  of  the  totality  of  military 
aviation,  and  no  control  over  ground-based 
air  defense.  In  addition  to  the  1,300  planes 
of  the  German  Air  Force,  there  will  be  about 
as  many  aircraft — spotters,  liaison  planes, 
helicopters,  and  the  like — under  the  control 
of  the  other  services,  particularly  the  Army. 

The  latest  available  data  on  the  contem- 
plated organization  of  the  German  Air  Force 
supports  the  impression  that,  contrary  to 
earlier  plans,  its  anti-air  mission  is  being  de- 
emphasized.  Fewer  fighter-interceptor 
wings  and  more  tactical  reconnaissance  and 
fighter-bomber  wings  are  now  being  planned 
for.  The  Luftwaffe's  ground  support  mis- 
sion of  the  Air  Force  in  particular  appears 
to  be  assuming  primary  importance  in  the 
minds  of  Defense  Ministry  planners,  most  of 
whom  were  command  and  staff  officers  of 
the  wartime  army. 

One  of  West  Germany's  big  problems  in 
building  its  new  air  force  is  getting  qualified 
volunteers.  Most  of  the  early  applications 
came  from  Luftwaffe  veterans  too  old  for 
extended  duty  or  otherwise  ineligible.  Some 
of  the  most  highly  qualified  air  veterans  had 
established  themselves  in  civilian  occupa- 
tions and  were  unwilling  to  abandon  these ; 
others  were  ready  to  serve  but  could  not  be- 
cause of  their  association  with  the  Nazi  re- 
gime. Probably  no  more  than  a  few  hundred 
veterans  can  be  used  in  the  new  air  force, 
and  those  will  serve  as  instructors  and  in  com- 
mand and  staff  positions.  For  most  of  its 
personnel  the  Luftwaffe  will  have  to  rely 
upon  youngsters  who  did  not  see  service  in 
World  War  II  and  are  largely  indifferent  to 
the  traditions  and  experiences  of  their 
seniors. 

Under  the  allied  agreements  providing  for 
the  arming  of  West  Germany,  the  deploy- 
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ment  of  German  air  units,  as  well  as  ground 
and  sea  formations,  is  to  be  determined  by 
the  NATO  Supreme  Allied  Commander. 
Present  indications  are  that  in  peacetime 
German  authorities  will  retain  considerable 
direct  control  of  the  air  force,  while  SHAPE 
(Supreme  Headquarters,  Allied  Powers  in 
Europe)  and  its  subordinate  commands  will 
concentrate  on  tactical  and  strategic  plan- 
ning. In  case  of  war  the  NATO  command- 
ers will  resume  direct  command. 

The  strategic  planning  that  prompted  the 
arming  of  West  Germany  envisioned  the 
combat  mission  of  the  German  Air  Force  to 
be  the  provision  of  tactical  air  support  to 
NATO  forces  in  central  Europe,  in  close 
cooperation  with  other  elements  of  the 
alliance  such  as  the  United  States  Strategic 
Air  Command.  While  SAC  would  strike  at 
the  enemy  interior,  German  and  other  allied 
tactical  air  forces  in  Europe  would  erect  an 
air  barrier  against  the  advance  of  enemy 
ground  units  and  participate  in  mopping-up 
operations.  Presumably  this  would  be  the 
plan  of  operation  both  if  West  Germany 
were  attacked  directly  or  if  the  initial  attack 
were  aimed  at  some  other  member  of 
NATO.  German  Air  Force  training  and 
development  in  peacetime,  as  well  as  deploy- 
ment in  wartime,  would  be  governed  by  these 
over-all  NATO  plans. 

German  military  traditions,  security  con- 
siderations, and  political  problems  may  well 
force  modification  of  certain  concepts  re- 
garding the  new  German  Air  Force  now  held 
by  NATO  and  U.  S.  military  planners. 
What  appears  to  be  specifically  German 
needs  are  likely  to  bulk  larger  in  the  minds 
of  the  leaders  of  the  Federal  Republic  than 
allied  plans.  Tact,  flexibility,  and  willing- 
ness to  compromise  will  be  required  both 
in  the  councils  of  NATO  and  the  German 
military  establishment  if  the  new  German 
Air  Force  is  to  make  a  real  contribution  to 
the  defense  of  the  West. 
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French  "Mistral". 
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France 

Although  France  has  been  bothered  by  an 
inadequate  budget,  she  has  recently  pro- 
duced several  aircraft  of  modern  and  com- 
petitive design.  France's  aim  generally  is  to 
replace  foreign  types  with  local  designs  and 
to  introduce  new  advanced  aircraft.  France, 
being  a  continental  nation  with  several  land 
frontiers,  is  concerned  for  the  safety  of  ex- 
pensive and  vulnerable  airfields.  It  is  per- 
haps with  airfield  costs  and  vulnerability  in 
mind  that  French  aeronautical  engineers  are 
experimenting  with  aircraft  requiring  only 
a  platform  for  takeoffs  and  landings. 
Though  the  factories  used  by  the  Germans 
during  their  1940-1944  occupation  of  France 
have  been  modernized,  the  French  still  find 
it  necessary  to  purchase  aircraft  from  the 
United  States  and  Britain  and  to  keep  using 
a  considerable  number  of  British  and  Ameri- 
can planes  that  saw  service  with  the  Armee 
de  I'Air  before  V-E  Day.  But  the  French 
aircraft  industry  has  moved  back  into  the 
first  rank  and  can  be  expected  to  turn  out 
supersonic  interceptors  whose  quality  and 
quantity  will  add  much  to  Western  defensive 
strength. 


French  "Griffon"  interceptor 
U.  S.  Air  Force  Photo 


The  French  Marcel  Dassault  "Mystere"  IV  N. 
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French  Fouga  CM8-R  "Midjet". 
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French  MD-450  "Ouragan". 
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Latin   America 

Since  the  signing  of  the  Rio  Treaty  of 
1947  and  the  establishment  of  the  Organiza- 
tion of  American  States  (OAS)  in  1948, 
Latin  America  has  become  a  full  hemi- 
spheric defense  partner.  Several  Latin 
American  countries  have  moved  out  into  the 
world  and  made  great  strides  in  developing 
and  training  their  armed  forces.  Military 
missions  from  the  United  States  have  been  at 
work  assisting  in  this  program  in  almost  every 
one  of  the  republics.  Aircraft,  weapons,  and 
equipment  have  been  purchased  by  these 
countries  as  a  part  of  their  participation. 

The  governments  south  of  the  border  are 
currently  becoming  jet-minded  and  are  buy- 
ing modern  United  States  aircraft.  A  num- 
ber of  Latin  American  countries  have  al- 
ready begun  to  build  their  air  forces  around 
the  jet  fighter,  while  others  are  ready  to 
invest  in  this  endeavor.  Militarily  this  is  a 
healthy  trend  because  it  means  improved  air 
power  for  the  Western  Hemisphere.  It  also 
indicates  a  sincere  desire  on  the  part  of  our 
Southern  neighbors  to  pay  their  own  way  for 
defense. 

To  obtain  advanced  United  States  planes, 
these  nations  work  through  the  USAF  under 
an  arrangement  known  as  Reimbursable 
Military  Assistance,  which  is  a  part  of  the 
over-all  Mutual  Defense  Assistance  Pro- 
gram. Reimbursable  Military  Assistance  is 
not  an  affair  of  charity,  but  rather  a  means 
by  which  proud  people  pay  for  what  they 
get.  The  first  sale  of  United  States  jets  to 
a  South  American  government  under  RMA 
took  place  in  1955,  when  Colombia  bought 
six  T-33  jet  trainers.     At  a  small  but  impres- 


sive ceremony  at  the  Pentagon,  Colombia 
presented  the  United  States  Government 
with  a  check  for  $1,162,000  as  payment  for 
the  aircraft  and  for  their  support  for  one 
year.  Since  that  time  other  Latin  American 
countries  have  bought  many  more.  Vene- 
zuela, for  example,  paid  some  eight  million 
dollars  for  22  Sabrejets,  and  the  Dominican 
Republic  took  another  25  of  them  at  a  cost 
of  nine  million  dollars. 


Japan 

The  buildup  of  the  new  Japanese  air  de- 
fense force  has  been  plagued  by  popular 
memories  of  what  happened  at  Hiroshima 
and  Nagasaki.  Many  Japanese  fear  that  a 
revival  of  the  country's  air  power  will  only 
invite  new  nuclear  destruction.  But,  in 
spite  of  this  concern,  the  Japanese  Air  De- 
fense Force  came  into  being  in  July  1954, 
and  since  then  the  Japanese  Government  has 
taken  steps  to  provide  for  the  domestic 
assembly  and  manufacture  of  modern  jet 
trainers  and  fighters. 


Japanese  Fuji  TIF2  jet  trainer. 
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Sweden 

There  are  some  nations  that  prefer  to  go 
it  alone.  Sweden,  for  example,  a  nation 
quite  vulnerable  to  attack,  has  built  an  im- 
pressive small  air  force — underground.  The 
Swedish  Air  Force  is  based  underground, 
and  the  jets  it  uses  are  made  in  underground 


plants  that  have  been  cut  out  of  rock. 
The  Swedish  Air  Force  has  been  inde- 
pendent since  1926.  The  kingdom  has  one 
of  the  world's  most  colorful  air  academies, 
where  air  officers  received  their  education  in 
an  atmosphere  reminiscent  of  the  American 
service  schools.  When  they  have  finished 
their  academic  training,  young  Swedish  air 
officers  take  up  posts  in  an  air  force  that 
remains  alertly  abreast  of  the  latest  develop- 
ments. The  Swedes  feel  that  to  lag  mili- 
tarily is  to  invite  ruin.  For  that  reason  they 
embarked  in  1955  on  a  ten-year  defense 
modernization  program  which  charted  a 
leading  role  for  guided  missiles.  Swedish 
missile  launching  sites  parallel  the  Soviet 
guided  missile  bases  along  the  Baltic  coast. 
Sweden  stands  poised  and  defiant,  ready  to 
meet  aggression  if  it  comes. 


U.  S.  Air  Force  Photo 


Swedish  Air  Force  Dragon  fighter.      It  fea 
tures  the  world's  most  extreme  delta  wing. 


Swedish  Air  Force  J— 35  fighter. 


U.  S.  Air  Force  Photo 
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Courtesy  of  AVIATION    WEEK 


Italian  Air  Force  Fiat  G.91   fighter  with  armament. 


Italy 

Italy  has  made  significant  strides  in  mili- 
tary aviation  since  its  defeat  in  World  War 
II. 

The  Italian  aircraft  industry,  virtually  de- 
stroyed during  the  war.  has  regained  the  ca- 
pacity to  produce  planes  of  high  quality  but 
has  to  depend  mainly  on  foreign  orders  for 
its  survival.  Through  a  special  licensing 
agreement,  the  Fiat  company  is  also  building 
North  American  F-86Ks  for  NATO  forces. 

Owing  to  lack  of  funds,  the  Italian  Air 
Force  has  had  to  conduct  its  postwar  life 
largely  with  handouts  of  surplus  USAF  air- 
craft. Traditionally  an  independent  military 
service,  it  has  made  a  noteworthy  comeback 
in  recent  years  and  is  now  an  all-jet  op- 
erational arm.  Its  present  combat  planes  are 
primarily    of    the    sweptwing    type,    mainlv 


F-86Ks  produced  by  Fiat.  North  American 
Sabre  4s  built  by  Canadair.  and  Republic 
F-84Fs  and  RF-84Fs. 

Air  Force  operations  are  limited  to  three 
missions:  air  defense,  ground  support,  and 
naval  support.  Foreign  military  observers  in 
Italy  have  high  praise  for  its  air  force.  They 
speak  of  the  significantly  high  percentage  of 
airplanes  that  are  available  for  immediate 
operational  service,  low  accident  rates,  and 
noteworthy  pilot  prowess  in  gunnery. 
Though  small,  the  Italian  Air  Force  plays  an 
important  part  in  the  defense  of  Western 
Europe.  The  strategically  located  Italian 
peninsula — extending  for  700  miles  from  the 
Alps  almost  to  Africa — forms  a  vital  link  in 
the  NATO  defense  chain  stretching  around 
the  Soviet-controlled  states  of  Eastern 
Europe.  Military  aircraft  based  in  Italy  are 
thus  in  a  unique  position  to  ward  off  possible 
attacks  coming  from  the  Balkans  or  the 
Danube  Basin:  to  react  quickly  to  crises  in 
North  Africa  and  the  Near  East;  and  to  es- 
tablish air  control  over  vital  sea  lanes  running 
through  the  Mediterranean. 
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The   United   States   of  America 

Naval  Aviation 

Naval  aviation  is  a  major  component  of 
modern  sea  power.  It  is  also  a  significant 
part  of  the  totality  of  military  air  power. 
The  primary  mission  of  American  naval  avi- 
ation is  to  gain  and  keep  command  of  the 
air  in  support  of  fleet  operations.  In  car- 
rying out  this  mission  our  fleet  air  arm  does 
not  function  as  an  autonomous  or  separate 
fighting  organization.  This  fact  is  impor- 
tant for  an  understanding  of  the  term  naval 
aviation.  Whatever  its  strategic  or  tacti- 
cal possibilities  may  be,  the  naval  air  force 
works  primarily  as  an  adjunct  of  the  fleet, 
serving  fleet  purposes.  The  naval  air  force, 
as  a  tactical  weapon,  is  part  of  the  fleet — 
just  as  are  the  submarine,  destroyer,  cruiser, 
and  amphibious  forces.  Broadly  speaking, 
there  is  no  separate  aviation  corps  within 
the  Navy,  either  administratively  or  opera- 
tionally. Naval  aviators  are  subject  to  as- 
signment wherever  their  experience  and 
training  are  likely  to  help  them  do  the  job 
better  than  other  officers. 

Organization.  The  following  brief  dis- 
cussion of  the  organization  of  the  naval  air 
arm  seeks  to  provide  a  basis  for  a  better 
understanding  of  the  way  in  which  naval 
aviation  contributes  to  American  military  air 
power. 

The  Deputy  Chief  of  Naval  Operations  for 
Air  advises  the  Chief  of  Naval  Operations 
about  aviation  matters  and  serves  as  the 
Navy's  principal  aviation  planning  and 
policy  officer.  The  actual  deployment  of 
naval  air  units  is  in  the  hands  of  the  Deputy 
Chief  of  Naval  Operation  for  Fleet  Opera- 
tions, who  usually  consults,  however,  with 


the  Deputy  Chief  of  Naval  Operations  for 
Air. 

The  DCNO  (Air)  has  a  host  of  responsi- 
bilities. He  plans  and  controls  the  program 
for  all  naval  air  bases,  aircraft,  facilities,  and 
technical  equipment.  He  establishes  avia- 
tion personnel  requirements  for  both  the 
regular  Navy  and  the  Naval  Air  Reserve,  and 
estimates  replacement  needs.  He  is  con- 
cerned with  technical  and  flight  training. 
Through  the  Bureau  of  Naval  Personnel,  he 
controls  the  assignment  of  all  naval  aviators. 
He  also  draws  up  plans  for  the  number  of 
squadrons  of  each  type,  the  complement  of 
aircraft  squadrons,  and  the  military  charac- 
teristics of  naval  aircraft.  Finally,  he  con- 
trols and  coordinates  the  guided  missile  pro- 
gram for  the  entire  Navy  and  acts  as  a 
member  of  the  Ship  Characteristics  Board, 
which  determines  what  and  how  many  new 
ships  the  Navy  will  have. 

The  range  of  the  duties  of  the  Deputy 
Chief  of  Naval  Operations  for  Air  may  ap- 
pear to  leave  little  for  the  Bureau  of  Aero- 
nautics 8  to  do.  But  it  has  responsibilities 
enough.  It  implements  plans  for  the  de- 
velopment and  procurement  of  new  aircraft; 
provides  for  the  maintenance  and  repair  of 
bases,  aircraft,  and  aircraft  equipment;  and 
handles  the  procurement  of  aviation  fuel 
and  lubricants. 

Probably  the  most  important  function  of 
the  Bureau  of  Aeronautics  is  that  of  getting 
appropriations  from  Congress  to  support 
naval  aviation.  Each  year  the  Navy  asks 
Congress  for  funds  to  cover  the  maintenance 
and  operation  of  naval  air  stations  used  in 
training  and  logistic  support.  Although 
training  at  sea  is  emphasized  in  both  peace 
and  war,  it  seems  to  be  less  than  desired. 
This  is  because  the  time  and  effort  required 
to  train  aboard  ship  are  not  proportionate  to 
the  benefits  received.  In  fact,  if  all  training 
had  to  take  place  at  sea,  squadrons  could  not 


H  The  Bureau  of  Aeronautics  is  a  Navy  Bureau, 
created  in  1921,  charged  with  matters  pertaining 
to  naval  aeronautics  as  prescrihed  by  the  Secretary 
of  the  Navy. 
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meet  Navy  standards  of  efficiency  and  safety. 
Naval  aviators  first  learn  to  operate  from 
land  bases;  only  later,  during  periods  aboard 
ship,  do  they  go  on  to  the  task  of  coordinat- 
ing their  tactics  with  those  of  the  fleet. 


Marine  Aviation.  The  United  States 
Marine  Corps  is  a  separate  military  organ- 
ization within  the  Department  of  the  Navy. 
The  primary  mission  of  the  Marine  Corps  is 
to  provide  Fleet  Marine  Forces,  which  in- 
clude air  components,  for  seizing  and  defend- 
ing advanced  naval  bases  and  conducting  op- 
erations essential  to  a  naval  campaign.  The 
Corps  also  develops,  in  coordination  with  the 
Army,  the  Navy,  and  the  Air  Force,  the  tac- 
tics, techniques,  and  equipment  used  by  land- 
ing forces  in  amphibious  actions.  Fleet 
Marine  Forces  consist  of  Marine  divisions, 
Marine  aircraft  wings,  and  such  other  sup- 
porting elements  and  bases  as  are  required. 
The  operational  control  of  the  Fleet  Marine 
Forces  normally  belongs  to  the  two  major 
fleet  commanders  (Atlantic  and  Pacific). 

The  primary  function  of  Marine  aviation 
is  to  provide  air  support  to  the  Fleet  Marine 
Forces  in  the  execution  of  amphibious  opera- 
tions. It  does  this  with  ship-based  or  shore- 
based  aircraft,  or  both.  Marine  air  training 
reflects  the  stress  on  support  work,  and  the 
results  of  this  specialization  can  be  seen  in 
the  splendid  esprit  de  corps  of  the  Corps' 
Air-Ground  Team. 

A  secondary  mission  of  Marine  aviation 
is  to  furnish  replacement  squadrons  to  the 
carriers  of  the  fleet.  During  the  early 
phases  of  an  amphibious  operation  against  a 
distant  objective,  the  Marines  usually  pro- 
vide ship-based  air  support  to  supplement 
the  Navy  air  effort.  As  soon  as  existii  g  or 
prepared    airfields    become    available    the 


Marines  carry-  on  from  land  bases.  These 
replacement  squadrons  may  be  assigned  any 
task  normally  given  to  similar  Navy  squad- 
rons. For  such  reasons,  all  Marine  combat 
air  squadrons  are  assigned  carrier  aircraft 
types,  and  Marine  pilots  using  these  aircraft 
must  be  able  to  operate  from  carriers.  With 
such  capabilities,  Marine  aviation  constitutes 
an  extremely  valuable  emergency  reserve  for 
carrier  striking  forces. 

Marine  aviation  depends  completely  on 
the  Navy  for  aeronautical  logistic  support 
and  flight  training.  The  Marines  provide 
the  Navy  with  some  administrative  person- 
nel for  logistic  support,  and  also  furnish 
flight  instructors  to  the  Naval  Air  Training 
Command. 


Fleet  Air  Organization.  All  organized 
combat  squadrons  of  the  Navy  and  of  the 
Marine  Corps  are  assigned  to  duty  in  the 
two  major  fleets,  Atlantic  or  Pacific.  The 
ships  and  aircraft  squadrons  of  the  two  fleets 
are  formed  into  task  forces  to  carry  out  op- 
erational missions.  In  the  category  of  task 
forces  are  the  Naval  Forces.  Eastern  Atlantic 
and  Mediterranean,  and  the  Naval  Forces, 
Far  East,  which  operate  under  their  respec- 
tive theater  commanders.9 

A  fleet  air  commander  operates  immedi- 
ately under  the  fleet's  commander-in-chief. 


'  A  theater  commander  is  the  officer  in  command 
of  all  military  forces — air,  land,  sea — within  a 
theater  of  operations.  A  theater  of  operations  is 
a  geographical  region  with  the  airspace  above  it, 
designated  by  competent  authority  to  be  under  a 
single  over-all  commander.  A  theater  commander 
belongs  to  a  particular  service,  but  in  the  exer- 
cise of  his  responsibilities  he  stands  above  service 
considerations. 
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He  has  administrative  command  over  the 
aircraft  squadrons  of  the  fleet  and  is  respon- 
sible for  their  tactical  training  and  readiness. 
He  also  exercises  somewhat  limited  opera- 
tional functions  connected  with  training. 
the  movement  of  squadrons  and  air  groups, 
and  the  ferrying  of  aircraft  overseas.  When 
aircraft  are  embarked  on  ships,  operational 
control  over  them  passes  to  the  ship,  or  to 
the  commander  of  the  task  force  to  which 
the  ship  is  assigned. 

Fleet  air  commanders  and  their  subordi- 
nates have  fixed  headquarters  ashore.  But 
fleet  air  wing  commanders  do  not.     They 


function  at  sea,  and  their  commands  con- 
sist of  three  or  more  squadrons  of  patrol 
planes,  plus  whatever  seaplane  tenders  are 
assigned.  Though  the  commanders  of  fleet 
air  wings  have  full  administrative  and 
logistic  responsibility  over  their  forces,  their 
primary  duties  are  operational. 

Each  major  fleet  also  has  a  number  of 
utility  squadrons  formed  into  wings.  These 
wings  are  charged  with  local  aerial  photog- 
raphy and  the  air  transport  of  mail  and  per- 
sonnel on  nonscheduled  flights  within  limited 
areas,  but  their  main  functions  are  to  tow 
targets  and  to  operate  drone  target  aircraft. 


U.  S.  Navy  Photo 


U.  S.  Navy  F°F-6's  Cousars. 


U.  S.  Navy  carrier-based  XF3H-1   "Demon"  h'ght« 


U.  S.  Navy  Photo 
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U.  S.  Navy  F2H-1   Banshee  supersonic  fighter. 


U.  S.  Navy  Photo 


U.  S.  Navy  Photo 


U.  S.  Navy  A4D-4  Skyhawk. 


U.  S.  Navy  Photo 
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Formation  of  U.  S.  Navy 
Skyrays. 
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U.  S.  Navy  Photo 


U.  S.  Navy  aircraft  carrier  Antietam  (CVA-36)  off  the  Virginia  Capes. 


The  Aircraft  Carrier.  Several  types  of 
aircraft  carriers  are  now  in  service.  Carriers 
of  the  60,000-ton  Forrestal  class,  the  45,000- 
ton  Midway  class,  and  the  converted  35,000- 
ton  Essex  class  are  all  designated  as  attack 
carriers  (CVA's).  Unconverted  35,000-ton 
Essex  class  carriers  operate  in  antisubmarine 
warfare  and  carry  the  designation  CVS. 
(The  light  20,000-ton  escort  carriers  [CVE's] 
formerly  used  against  submarines  now  func- 
tion routinely  as  aircraft  transports.)  In 
addition  to  the  heavy  combat  types  a  new 
light  carrier  (CVAN)  is  being  developed  to 
support  helicopters  during  the  vertical  envel- 
opment phase  of  amphibious  landings. 

Carriers  require  aircraft  of  special  design, 
owing  to  space  limitations  aboard  ship  and 
the  forces  encountered  in  normal  deck  oper- 
ations. As  a  result  a  carrier  aircraft  must 
have  folding  wings  to  save  room  and  rein- 


forced landing  gear  and  fuselage  to  absorb 
the  shock  of  catapulted  launchings  and  ar- 
rested landings. 

Carrier  operations  are  somewhat  compli- 
cated because  of  the  restricted  size  of  the 
landing,  parking,  and  takeoff  areas.  But  the 
combination  of  skilled  pilots  and  such  ship- 
board specialists  as  landing  signal  officers, 
plane  directors,  plane  parking  crews,  and 
operators  of  arresting  gear  and  barriers 
makes  possible  smooth  and  efficient  opera- 
tions. 

The  carrier  is  in  reality  a  mobile  air  base, 
and  like  any  air  base  it  needs  centralized 
control  over  its  operations.  Each  carrier  has 
a  combat  information  center  which  main- 
tains a  plot  of  all  aircraft  within  radar  range 
and  instantly  reports  the  presence  of  hostiles 
to  the  commanding  officer  within  the  area. 
As  at  any  base,  navigational  aids  are  avail- 
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able  aboard  a  carrier  to  help  pilots  find  their 
way  home:  and  repair  facilities  are  also  at 
hand  for  aircraft  damaged  in  flight. 

Apart  from  carrying  out  its  primary  mis- 
sion of  gaining  and  keeping  command  of  the 
air  in  support  of  fleet  operations,  the  naval 


air  arm  can  also  assist  the  USAF  in  certain 
other  operations  by  providing  advanced  in- 
telligence, photo  reconnaissance,  and  early 
warning  radar  services:  by  giving  fighter 
cover;  and  by  destroying  enemy  fighter  and 
missile  bases. 


U.  S.  Navy  Photo 


U.  S.  Navy  aircraft  carrier  Antietam  (CVA-36)  off  the  Virginia  Capes.   Carrier  landing  by  mirror. 


A   Navy  F9F-5  being   prepared  for  catapulting  off 
carrier  flight  deck. 


LU  CO   — 


z 

u.         O 

Oup 
"-51 

z 


>- 
5 


<8 


Q 

Z 

<  "J  00 

<  •  >    LU 

^    Qi  LU    2 

"3    LU  CO    S 

<  Q.  LU    O 

.  EC    LL. 


o"z 
o5^ 

Ofi   Si]  > 

5SS 


c^>t< 

<y  =it 
5< 


<    LU 

if 


mZ 

Z  Z> 

,^  o 

Ou 


<z 

ft  2 

CO  cO 
< 


t   £   Q   LU 

<Oz> 

(—  <   Q£ 

«/>    LU  £    > 

__,  LU  Q  tu  U 

<ro~  = 
Lui|:>2 

o8z< 


•-  <  u 
z£z 

<  CO   LU 

i-1       O 

CO    LL.    il 

c^Ozi 

CO  LU 

u  ^ 


o 


o 


o< 


zo 


4 


LU 

LU    <( 

< 

LU    O   U 

as 

±§o 

Z 

< 

O 

O      5=? 

a:  h- 

iO^ 
u  "-  O 
>      O 


"5       _1 

U_  LU 

O     z 
■K  z 

1O0 

U  "-co 

3       °- 


55  <  < 

x  >  00  =; 


°i 

U I 

LU   Q. 


<  Qi 

t—    LU 

3  z 

§0 


z 

LL.O 

Of= 

52 


^ZQ3 

u<o2 


_i  Qi 

o< 

Ou. 

UO 


Ltt2 

__;cO 


CO  >-  t- 

^  3=  <  "J 

o<  t$ 

LL-    =d    "7 

ll.  <r  ^  ^- 
lu  **■  S  at 

=    _1  LU 

5S§° 

u<o 


LL.  U  Jb 
LU  cu  °; 
^   Q.   < 

5">£ 


ASSISTANT 

CH.   OF    STAFF 

FOR 

RESERVE 

COMPONENTS 

CHIEF 
ARMY    RESERVE 

AND 
ROTC   AFFAIRS 

LU    O    LU 

i±i  —  y 

I    S    LU 
1    ,    LU    LL. 

5° 


—1  ce 

LL.    <    LU 
LU    ^   (J 

I   O   LL. 

00  O 


OcoQ 

1  £  «* 
u^O 


LU   (J 

Oz 

LU    Z 

X  Q 

I )  <* 


o< 

2o 


Ou 

LU    <t 

il 
U    LU 


66 


Army  Aviation 

In  elevating  the  military  air  arm  to  the 
status  of  a  separate,  coordinate  service,  the 
National  Security  Act  of  1947  stripped  the 
United  States  Army  of  most  of  its  air  power, 
but  not  of  all  its  aviation  units.  The  origin 
that  part  of  its  aviation  program  which  the 
Army  kept  goes  back  to  1942  when  the  War 
Department  made  light  liaison  airplanes  or- 
ganic to  specific  units  of  the  Army  Ground 
Forces.  The  number  of  such  aircraft  rose 
to  around  1,600  by  1945  but  then  declined 
in  two  years  to  about  200.  The  total  has 
since  risen,  however,  to  roughly  3,400  air- 
planes and  helicopters. 

Mission.  The  mission  of  Army  aviation 
is  to  aid  in  the  conduct  of  land  operations  by 
improving  mobility,  command  control,  and 
logistic  support  of  Army  forces  and  by  pro- 
viding observation  and  reconnaissance 
means.  In  carrying  out  its  mission  Army 
aviation  is  governed  by  a  1957  Department 
of  Defense  directive.  The  directive  states 
that  the  Army  will  perform  liaison  courier 
and  communication  tasks  (including  aerial 
wire  laying)  ;  observation,  photographic,  and 
fire  control  flights;  airlift  of  troops  and  ma- 
terial, and  aeromedical  evacuation  within 
the  Army  combat  zone.  The  combat  zone 
is  defined  as  an  area  not  more  than  200  miles 
in  depth. 

Army  aviation  cannot  perform  strategic  or 
tactical  airlift,  tactical  reconnaissance,  bat- 
tlefield interdiction,  or  close  combat  support. 
These  are  USAF  functions.  Furthermore, 
Army  fixed-wing  aircraft  must  not  weigh 
over  5,000  pounds  (empty),  and  rotary- 
wing  aircraft  not  more  than  20,000  pounds 


(empty).  The  USAF  is  charged  with  the 
airlift  of  supplies,  equipment,  and  men  to 
and  from  the  Army  combat  zone  and  also 
serves  as  the  carrier  in  the  initial  and  later 
phases  of  airborne  operations. 

Army  Aircraft.  Army  aircraft  consist 
of  airplanes  (fixed-wing)  and  helicopters 
(rotary-wing).  Whatever  their  type,  all 
Army  aircraft  reflect  many  design  compro- 
mises. For  example,  they  must  be  sturdy 
but  cannot  weigh  too  much;  the  result  in- 
evitably falls  short  of  the  ideal.  Similarly, 
their  required  ability  to  take  off  and  land 
in  a  limited  space  inevitably  cuts  their  pay- 
load  capacity. 

Army  airplanes  are  classified  as  (1)  ob- 
servation, (2)  command,  (3)  utility,  and 
(4)  utility  transport.  Observation  airplanes 
are  light  in  weight  and  used  mostly  for 
close-in  reconnaissance  and  combat  surveil- 
lance. They  are  simply  built  and  can  oper- 
ate from  small,  unprepared  airstrips.  Com- 
mand airplanes  are  twin-engined  craft  as- 
signed to  corps  or  higher  headquarters  for 
command,  liaison,  and  courier  missions. 
They  normally  need  improved  airstrips. 
Utility  airplanes  are  multiplace  short-haul 
aircraft.  They  work  at  all  levels  of  com- 
mand and  can  function  from  relatively 
smooth  unimproved  airstrips.  Utility  trans- 
ports have  a  greater  radius  of  operation, 
about  550  miles.  They  can  carry  10  fully 
equipped  soldiers  or  2,500  pounds  of  cargo. 

The  helicopter  outstrips  its  fixed-wing 
cousins  in  versatility.  Its  speed  ranges  from 
zero  to  about  85  knots.  It  can  operate  with- 
out a  runway.  It  can  move  in  any  direction 
or  just  hover.  But  it  does  take  more  mainte- 
nance than  orthodox  aircraft.  Army  heli- 
copters are  classified  as  reconnaissance,  util- 
ity, and  cargo. 

Capabilities  and  Limitations  of  Army 
Aircraft.  Army  aircraft  do  not  function  in 
a  vacuum.  As  they  operate  they  are  react- 
ing constantly  to  such  variable  factors  as 
weather,  terrain,  and  the  enemy.  Weather 
can  be  a  curse  or  a  blessing.  Gusty  winds 
near  the  ground  make  control  difficult,  but 
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OBSERVATION 

Used  primarily  for  close-in  reconnaissance  and 
combat  surveillance.  Cruises  at  speeds  of  80 
to  90  knots,  but  can  fly  as  slow  as  45  knots. 


COMMAND 

Principally    used    for    command,    liaison,    and 

courier  missions.      It  can  carry  four  to  six  pas- 


sengers 
knots. 


and    cruises    between    1 30    and    1 75 


4 


UTILITY 

Multiplace  aircraft  used  chiefly  for  movement 

of  troops  and  supplies  within  combat  zones. 


RECONNAISSANCE 


Used  for  combat  reconnaissance,  courier,  and   liaison   operations. 
60  knots  and  has  a  range  about  200  miles. 


Cruises  around 


COMMAND-UTILITY 

Serves  as  a  carrier  of  troops,  equipment,  and  supplies 
and  as  a  medical  evacuation  craft.  Can  carry  a 
pilot  and  three  passengers. 


CARGO 

Principally  used  to  transport  troops  and  supplies 
within  combat  zone.  Can  carry  over  2,000  pounds 
of  cargo  or  about  12  passengers. 
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steady  headwinds  will  often  provide  greater 
lift.  Temperatures  also  play  a  part.  A  rise 
of  25°F.,  for  example,  can  reduce  a  cargo 
helicopter's  lift  25  percent.  Terrain  is  al- 
ways a  vital  factor.  Rugged  terrain  can  hin- 
der or  prevent  landings  and  takeoffs,  and 
make  flights  difficult  or  impossible  when  visi- 
bility is  poor.  But  it  also  has  virtues.  If 
hills  can  endanger,  valleys  can  conceal  and 
protect  low-flying  aircraft.  The  enemy's 
performance  may  be  the  most  influential 
factor  of  all.  Army  aircraft  are  extremely 
vulnerable  to  surprise  fighter  attacks.  But 
given  warning,  they  can  take  effective  low- 
level  evasive  action  against  the  fastest  of 
modern  jets. 

Organization  and  Employment. 
Army  aviation  divides  into  two  general 
categories:  aircraft  organic  to  the  combat 
arms,  and  army  transport  aviation.  Organ- 
ic aviation  usually  takes  the  form  of  avia- 
tion companies  assigned  to  divisions  and 
higher  combat  echelons.  But  it  may  also 
be  organized  into  sections  for  duty  with 
lower  echelon  units. 

Combat  commanders  with  organic  avia- 
tion at  their  disposal  normally  can  employ  it 
as  they  wish  to  accomplish  their  mission. 
The  possibilities  open  to  commanders  are 
great.  They  can  use  organic  aircraft  for 
command,  liaison,  troop  combat  control, 
courier  service,  radio  relay,  reconnaissance, 
aerial  photography,  observation  and  adjust- 
ment of  fire,  battlefield  evacuation,  limited 
resupply,  transport  of  personnel,  wire  lay- 
ing, battlefield  illumination,  and  distribu- 
tion of  propaganda. 

Army  transport  aviation  takes  the  organi- 
zational form  of  fixed-wing  and  helicopter 
transport  companies.  Its  primary  function 
is  combat  support;  its  secondary  function, 
service  support.  Army  transport  aviation 
units  arc  ordinarily  assigned  to  the  field,  but 
they  may  be  attached  to  or  employed  in 
support  of  corps  or  divisions  for  specific 
missions. 

Army  transport  aircraft  provide  the 
ground  commander  with  a  means  of  getting 


more  combat  mobility.  They  can  circum- 
vent fixed  defenses  and  natural  obstacles; 
they  can  carry  men,  equipment,  and  supplies 
to  otherwise  inaccessible  areas;  and  they  can 
land  troops  at  precise  points.  In  short,  they 
can  add  markedly  to  the  Army's  operational 
capability. 

Army  Air  Fields.  The  Army  air  fields 
and  Army  air  bases  of  the  days  before  the 
creation  of  the  U.  S.  Air  Force  have  become 
for  the  most  part  Air  Force  bases.  But  the 
Army  still  holds  on  to  some  airfields  in  order 
to  carry  on  its  aviation  program.  Of  the 
70-odd  Army  air  installations  in  the  conti- 
nental United  States,  Pope  Army  Air  Field 
at  Fort  Bragg,  North  Carolina,  is  perhaps  the 
best  known  as  well  as  one  of  the  oldest.  The 
list  includes  municipal  airports  under  lease 
to  the  Army,  Air  Force  facilities  which  the 
Army  uses  by  special  arrangement,  and  a 
number  of  airstrips  inside  or  near  regular 
Army  posts. 

Personnel.  In  training  its  aviation  per- 
sonnel the  Army  has  continued,  with  appro- 
priate modifications,  the  basic  program  that 
began  in  1942  when  a  school  for  Army 
Ground  Forces  liaison  pilots  and  mechanics 
opened  at  Fort  Sill,  Oklahoma.  The  school 
moved  to  Fort  Rucker,  Alabama,  in  January 
1955  and  has  since  carried  on  with  greatly 
expanded  facilities.  Until  recently,  the 
United  States  Air  Force  had  charge  of  pilot 
and  mechanic  training  for  Army  aviation. 

For  the  most  part  Army  aviators  are  offi- 
cers previously  commissioned  in  their  re- 
spective branches.  Generally  speaking,  pilot 
training  is  restricted  to  lieutenants  who  be- 
long to  branches  which  have  been  author- 
ized organic  aircraft,  or  are  willing  to  accept 
assignment  with  them. 

At  present  the  Army  has  two  aeronautical 
designations — Army  Aviator  and  Senior 
Army  Aviator.  The  rating  of  Army  Aviator 
is  generally  restricted  to  qualified  officers  in 
certain  branches  of  the  service  who  have 
completed  prescribed  flying  training  courses. 
A   Senior  Army  Aviator's  rating  calls  for 
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more.  To  get  it  an  officer  must  be  an  Army 
Aviator  (or  an  eligible  equivalent)  on  flying 
status ;  or  have  been  rated  as  an  Army  liaison 
pilot  for  at  least  seven  years.  Secondly,  he 
must  have  a  total  of  1,500  pilot-hours  flying 
time  or  1,000  hours  plus  at  least  six  months 
of  overseas  service  as  an  artillery  air  officer 
in  the  Second  World  War.  All  Army  avia- 
tors on  flying  status  draw  incentive  pay  at 
rates  comparable  to  those  which  apply  in  the 
Air  Force. 

The  Future  of  Army  Aviation.  The 
Army  Chief  of  Staff,  General  Maxwell  D. 
Taylor,  has  declared  that  the  Army  "must 
inevitably  move  in  the  direction  of  new  and 
novel  flying  machines  which  will  probably 
be  much  different  in  appearance  from  con- 
ventional types  we  know  today."  10  But  he 
has  explicitly  denied  any  intention  of  build- 
ing Army  aviation  into  another  Air  Force. 

The  Army's  desire  for  its  own  aviation  has 
provoked  much  criticism  because  of  the 
duplication  and  additional  costs  involved. 
But  clear  policy  directives  from  the  Depart- 
ment of  Defense  have  cut,  if  not  eliminated, 
that  duplication,  and  Army  aviation  today 
makes  a  worthy  contribution  to  our  over-all 
military  power. 


The  United  States  Air  Force 
The  United  States  Air  Force  has  three 
major  aims:  to  defend  the  United  States 
against  air  attack;  to  launch  a  strategic  air 
counterattack  against  any  aggressor;  and  to 
give  tactical  and  logistical  support  to  the 
Army  and  Navy  if  war  comes.  An  acute 
awareness    of    that    three-fold    mission    lies 
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back  of  all  Air  Force  thinking  and  guides 
the  endless  process  of  refining  and  stream- 
lining the  fighting  force.  All  changes  in 
that  force  have  only  one  end  in  view — to 
enable  it  to  carry  out  its  mission  with  ever 
greater  efficiency  and  effectiveness. 

The  Air  Force  cannot  stand  still.  The 
world  moves  fast,  and  the  Air  Force  must 
move  just  as  fast  or  die.  Its  material,  man- 
power, and  other  programs  must  all  undergo 
periodic  adjustment  to  meet  new  require- 
ments and  new  possibilities.  No  one  can  be 
certain  of  the  future.  But  the  Air  Force 
r.  .ust  nevertheless  anticipate  the  shape  of 
things  to  come  if  it  is  to  continue  to  meet  the 
needs  of  national  strategy. 

Quality  is  the  essential  goal  of  the  Air 
Force.  In  the  air,  the  margin  between  vic- 
tory and  defeat  may  be  a  few  miles  per  hour 
in  speed,  a  slight  difference  in  maneuvera- 
bility, or  a  better  or  more  reliable  electronic 
tool  or  gun.  It  seems  likely  that  research 
and  development  hold  the  key  to  enhanced 
quality  and  future  strength.  The  present 
security  of  the  United  States  rests  upon  ad- 
vances made  in  the  past.  Future  security 
will  depend  upon  what  this  country,  by  wise 
stimulation  and  support  of  scientific  effort, 
can  devise  for  the  future. 

There  are  engines  in  the  air  development 
program  now  that  will  develop  25,000 
pounds  thrust,  and  planners  talk  in  terms  of 
even  newer  and  better  power  plants — ram- 
jet, pulsejet,  and  rocket  types  which  will  de- 
velop almost  unlimited  power.  There  has 
been  rapid  development  in  the  airplane. 

The  technological  advances  in  propulsion 
and  electronics  are  also  making  substantial 
contributions  to  the  development  of  guided 
and  ballistic  missiles.  Work  on  strategic, 
tactical,  and  air  defense  missiles  has  moved 
ahead  rapidly,  and  the  pace  of  progress  is 
likely  to  increase  sharply.  Although  many 
of  the  missiles  are  still  in  their  development 
or  flight  test  stages,  it  will  not  be  long  before 
they  become  operational.  Some  guided  mis- 
sile units  are  already  integrated  into  the  reg- 
ular Air  Force  structure. 
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The  question  of  paramount  importance 
confronting  the  world  today  is  how  to  avoid 
the  ravages  of  thermonuclear  war.  The  cer- 
tain knowledge  of  the  horrible  destruction 
that  these  nuclear  weapons  could  inflict 
lends  grim  urgency  to  this  question.  Faced 
with  the  terrible  possibility  of  such  a  conflict, 
the  United  States  has  chosen  as  a  matter  of 
policy  to  make  itself  so  strong  militarily  and 
so  well  prepared  that  should  it  or  its  allies 
be  attacked,  it  could  launch,  instantly,  a 
counterattack  which  would  completely  de- 
molish the  aggressor.  The  United  States 
Air  Force  is  the  chief  instrument  of  this 
policy. 

But  a  state  of  preparedness  is  not  an  end 
in  itself.  War  cannot  be  prevented  by  an 
uneasy  and  debatable  balance  of  military 
power,  but  it  may  be  prevented  if  the  side 
that  wants  peace  has  a  clear  superiority  in 
weapons.  American  policy  makers  believe 
that  as  long  as  the  United  States  has  a 
marked  superiority  in  weapons,  and  can  de- 
liver them,  no  nation  will  attack.  The  abil- 
ity to  retaliate  instantly  does  more  than  de- 
ter; it  gives  statesmen  time  to  negotiate  and 
erase  the  tensions  which  lead  to  war.  The 
Air  Force  is  constantly  increasing  its  capacity 
to  carry  out  the  national  strategy.  From  its 
whole  arsenal  of  weapons — ranging  from 
bullets  to  nuclear  bombs — it  can  choose  those 
best  suited  to  accomplish  any  given  task. 
It  has  established,  furthermore,  a  world- 
wide complex  of  air  bases  and  as  a  result  is 
achieving  greater  operational  flexibility 
than  ever  before. 

The  Air  Force  realizes  that  improvement 
is  the  key  to  its  survival  and  usefulness.  The 
drive  to  improve  has  reached  into  every 
field  of  activity.  It  has  affected  not  only 
weapons,  craft,  and  bases,  but  also  such 
things  as  supply,  maintenance,  and  the  de- 
termination of  requirements.  The  benefits 
already  derived  from  the  effort  are  notable. 
Much  remains  to  be  done,  but  the  problems 
arc  known,  and  throughout  the  Air  Force 
there  exists  the  will  and  the  ability  to  deal 
with  them. 


The  USAF  in  the  National  Defense 
Structure.  During  the  early  years  of  its 
existence,  the  United  States  could  reason- 
ably adopt  a  policy  of  isolation  and  get  along 
without  a  central  military  authority.  The 
first  half  of  the  present  century  changed  all 
this.  It  proved  the  futility  of  isolationism  in 
the  modern  world  and  provided  stark  evi- 
dence of  the  need  for  a  tighter,  more  cen- 
tralized control  of  the  nation's  armed  forces. 
Our  isolationism  made  at  least  one  world 
war  inevitable;  our  loose  military  organiza- 
tion gave  us  Pearl  Harbor. 

Fortunately,  at  the  time  of  the  disaster  of 
December  7,  1941,  we  were  already  at  work 
creating  a  more  closely-knit  command  struc- 
ture. By  early  1942  both  the  Combined 
Chiefs  of  Staff  (which  included  the  British 
and  American  ground,  sea,  and  air  chiefs) 
and  its  purely  American  offspring,  the  Joint 
Chiefs  of  Staff,  were  in  being  and  doing 
great  good.  Both  the  CCS  and  JCS  as- 
sumed a  vital  role  in  directing  the  global 
operation  of  allied  armed  forces. 

Their  success  and  an  obvious  need  led  in 
1945  to  the  development  of  plans  by  the 
War  and  Navy  Departments  for  blending 
the  armed  forces  of  the  United  States  into 
a  unified  organization.  Each  service's  plan, 
however,  tended  to  stress  its  own  role.  In 
1946,  therefore,  the  President  directed  the 
services  to  reconcile  their  differences  in  a 
joint  plan  for  unification.  The  result  was 
a  compromise  set  of  proposals  which  sup- 
plied the  basis  for  the  National  Security  Act 
of  1947.  That  act  brought  the  United 
States  Air  Force  into  being  as  a  third  serv- 
ice, independent  of  and  equal  to  the  Army 
and  the  Navy.  But  it  also  emphasized  the 
interdependence'  of  the  three  separate  serv- 
ices by  giving  formal  status  to  the  Joint 
Chiefs  of  Staff  and  by  providing  ways  and 
means  of  achieving  greater  coordination 
and  unity  of  effort  in  national  defense  mat- 
ters. The  act  provided  the  framework  for 
the  present  national  defense  organization. 
Its  detailed  provisions  will  be  considered 
elsewhere  in  the  Air  Science  course. 
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USAF  Responsibilities.  The  missions 
and  functions  of  the  Air  Force,  like  those  of 
the  other  services,  are  assigned  by  the  Joint 
Chiefs  of  Staff  and  approved  by  the  Secre- 
tary of  Defense.  As  pointed  out  before,  the 
Air  Force  has  primary  interest  in  all  air  oper- 
ations except  naval  air  operations.  It  has 
the  chief  responsibility  for  the  defense  of 
the  United  States  against  air  attack  and  dis- 
charges that  responsibility  in  two  ways:  by 
destroying  invading  enemy  aircraft,  and  by 
delivering  retaliatory  blows.  It  also  has  the 
decisive  offensive  task  of  carrying  the  war 
home  to  the  enemy  and  bombing  him  into 
submission.  And,  in  general,  it  is  responsible 
for  gaining  and  keeping  control  of  the  air  in 
vital  areas. 

Besides  being  charged  with  the  logistic 
support  and  training  of  its  own  forces,  the 
Air  Force  furthermore  must  furnish  logistic 
and  combat  air  support  to  the  Army.  This 
function  includes  close  combat  air  support, 
longer-ranged  interdiction  operations  aimed 
at  the  enemy's  rear,  aerial  photography  and 
tactical  reconnaissance,  and  airlift  and  air 
resupply  during  airborne  operations.  Fi- 
nally, it  usually  has  to  furnish  most  of  the  air 
transport  required  by  the  armed  forces. 

Apart  from  its  primary  responsibilities,  the 
Air  Force  has  certain  collateral  functions  as- 
signed to  it,  such  as  antisubmarine  warfare. 
But  naturally  enough  the  primary  responsi- 
bilities, rather  than  the  collateral  functions, 
determine  the  shape  of  Air  Force  organiza- 
tion. 

Combat  Air  Commands.  Through  its 
major  air  commands,  the  Air  Force  is  or- 
ganized mainly  on  a  functional  basis  instead 
of  the  geographical  basis  traditional  with 
surface  forces.  Functional  organization  is 
more  suited  to  rapidly  moving  air  forces  de- 
ployed on  a  global  scale. 

The  following  brief  survey  of  the  major 
air  commands  and  their  functions  treats  each 
command  separately.  This  is  necessary  but 
the  reader  should  always  bear  in  mind  that 
the  commands  are  interrelated  and  comple- 
mentary.   They  are  all  different  facets  of  a 


single  thing,  air  power,  and  share  alike  the 
flexibility  that  is  one  of  its  prime  character- 
istics. As  diverse  parts  of  a  unity,  the  com- 
bat air  commands,  for  example,  can  work 
together  or  apart  according  to  the  need. 
They  can  pool  their  resources  for  a  mass 
assault  at  one  moment,  and  then  redeploy 
them  rapidly  for  a  series  of  dispersed  but  co- 
ordinated attacks  at  the  next. 

To  carry  out  the  mission  of  the  Air  Force 
as  a  whole,  the  Chief  of  Staff  of  the  Air 
Force  has  the  major  air  commands  assigned 
directly  under  his  headquarters.  Three  of 
these  major  air  commands — the  Strategic 
Air  Command,  the  Tactical  Air  Command, 
and  the  Air  Defense  Command — are  com- 
monly called  the  combat  commands.  They 
were  established  under  the  Air  Force  Or- 
ganization Act  of  1951. 


The  Strategic  Air  Command  is  the  long- 
range  striking  arm  of  the  Air  Force.  Once 
the  orders  go  out  from  Command  Head- 
quarters at  Offutt  Air  Force  Base,  Nebraska, 
it  can  reach  out  to  the  enemy's  homeland 
and  bomb  his  long  range  air  force  bases  and 
nuclear  installations,  in  order  to  minimize 
or  destroy  his  striking  power.  National  sur- 
vival requires  that  a  favorable  decision  be 
attained  against  an  enemy's  long  range  air 
forces  in  an  all-out  war.  SAC  is  also 
capable  of  attacking  such  objectives  as  in- 
dustrial complexes,  communications  cen- 
ters,  sources   of   power,    and    stockpiles   of 


73 


strategic  materials  until  the  enemy  is  no 
longer  able  to  wage  war.  It  must  also  be 
prepared  to  attack  tactical  targets,  if  need  be. 
With  its  array  of  B-36's,  B-47's,  B-52's, 
B-58's,  support  fighters,  tankers,  nuclear 
bombs,  and  superbly  trained  crews,  the  Stra- 
tegic Air  Command  is  the  most  powerful 
fighting  force  that  history  has  known.  It 
can  go  virtually  anywhere  at  unprecedented 
speeds  and  inflict  blows  of  unparalleled  de- 
structivencss.  And.  as  it  takes  under  its 
wings  the  new  Intermediate  Range  Ballistic 
Missiles  and  Intercontinental  Ballistic  Mis- 
siles, its  power  of  ruin  will  increase  immeas- 
urably. 


mand  will  continue  to  cooperate  closely  with 
land  and  naval  forces,  but  they  will  operate 
over  a  much  wider  area.  With  nuclear 
weapons  and  aerial  refueling,  the  fighter- 
bombers  and  light  bombers  of  the  Tactical 
Air  Command  can  act  as  a  powerful  deter- 
rent, and  they  are  prepared  to  move  instantly 
to  any  region  of  the  globe  where  trouble  de- 
velops. They  can  supply  themselves  any- 
where for  a  time  and  operate  from  far  less 
elaborate  facilities  than  those  required  by 
heavier  aircraft. 

TAC's  functions  include  troop  carrying 
and  air  supply.  Its  troop  carrier  units  are 
well-trained   in   global   operations   and   are 


The  Tactical  Air  Command  is  based  in  the 
continental  United  States  and  has  its  head- 
quarters at  Langley  Air  Force  Base,  Virginia. 
At  present  the  main  difference  between 
TAC's  forces  and  those  of  Strategic  Air 
Command  is  largely  a  matter  of  range.  Ele- 
ments trained  by  the  Tactical  Air  Command 
are  deployed  to  overseas  theaters  where  they 
are  assigned  to  the  theater  commander. 
Tactical  air  forces  can  also,  by  using  aerial 
refueling,  cooperate  with  strategic  air  forces 
to  perform  a  global  mission.  In  addition, 
they  can  support  the  Air  Defense  Command 
in  case  of  an  air  attack  on  the  United  States. 

With  their  present  range,  speed,  and  strik- 
ing power,  aircraft  of  the  Tactical  Air  Corn- 


prepared  to  operate  in  the  arctic  or  in  the 
tropics.  They  have  flown,  for  example,  vast 
tonnages  of  materials  to  Alaska  and  northern 
Canada  for  the  DEW  Line  air  defense  warn- 
ing net. 

The  Air  Defense  Command,  which  is  part 
of  the  joint  Continental  Air  Defense  Com- 
mand and  the  Canadian-American  North 
American  Air  Defense  Command,  defends 
the  United  States  against  air  attack.  Its 
headquarters  are  at  Ent  Air  Force  Base, 
Colorado. 

To  carry  out  its  mission,  ADC  relies  for 
warning  on  an  extensive  network  of  radar 
stations,  into  which  are  integrated  all  types 
of  wire  and  radio  communications  and  the 
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network  operated  by  the  Ground  Observer 
Corps. 

For  purposes  of  easier  aircraft  recognition, 
the  command  has  established  a  number  of 
air  defense  identification  zones.  These  lie 
along  the  boundaries  of  the  country  and  in 
the  vicinity  of  vital  areas  in  the  interior. 
All  aircraft  intending  to  fly  through  a  coastal 
zone,  or  above  4,000  feet  in  an  interior  zone, 
must  file  flight  schedules  well  in  advance. 
The  flight  schedules  are  correlated  with  air- 
craft tracks  picked  up  by  radar  and  the 
Ground  Observer  Corps.  When  aircraft 
cannot  be  identified  as  friendly,  fighters  are 
scrambled  to  intercept  them  and  establish 
their  identity.  All-weather  supersonic  inter- 
ceptors armed  with  rockets  now  perform 
this  function  daily. 

For  close-in  defense  of  large  population 
centers  and  industrial  and  military  targets, 
the  Army  Antiaircraft  Command  maintains 
heavy  gun  and  guided  missile  installations. 

Supporting  Commands  and  Overseas 
Commands.  These  commands  will  be  only 
mentioned  here,  as  a  more  detailed  treat- 
ment of  them  appears  elsewhere  in  the 
AFROTC  curriculum. 

The  Air  Materiel  Command  provides  a 
system  for  procurement,  production,  mainte- 
nance, and  supply  for  the  United  States  Air 
Force. 

Through  its  Air  Proving  Ground  it  also  de- 
velops improved  operational  techniques  and, 
by  carrying  out  tests  under  simulated  combat 
conditions,  determines  the  operational  suita- 
bility of  material  and  equipment  used  by,  or 
proposed  for  use  by,  the  Air  Force. 

The  Air  Research  and  Development  Com- 
mand is  responsible  for  the  discovery,  de- 
velopment, and  evaluation  of  qualitatively 
superior  means  for  accomplishment  of  the 
Air  Force  mission.  It  undertakes  research 
and  development  programs  necessary  to  pro- 
vide new  and  improved  weapon  "  systems, 


11  An  air  weapon  system,  in  the  broad  definition, 
is  an  instrument  of  combat  such  as  an  air  vehicle, 
together  with  the  functioning  equipment,  skills, 
and  services  required  to  enable  the  instrument  of 
combat  to  be  a  single  unit  of  striking  power. 


equipment,  and  techniques  for  the  Air  Force. 

The  Air  Training  Command  provides  in- 
dividual training  for  Air  Force  officers  and 
airmen.  Its  program  includes  recruit  basic 
training  and  indoctrination,  flying  training, 
and  training  of  all  ground  crewmen,  techni- 
cal specialists,  and  administrative  personnel. 
The  Air  Training  Command  is  also  responsi- 
ble for  USAF  recruiting  and  the  training  of 
certain  air  crews. 

The  Air  University  is  primarily  concerned 
with  the  higher  education  of  Air  Force  offi- 
cers. It  is  responsible  for  the  supervision 
and  operation  of  the  Air  War  College,  the 
Air  Command  and  Staff  College,  the  USAF 
Institute  of  Technology,  the  USAF  School 
of  Aviation  Medicine,  the  Research  Studies 
Institute,  the  Extension  Course  Institute, 
and  the  Air  Force  ROTC  program. 

The  Continental  Air  Command  dis- 
charges within  the  continental  United  States 
the  field  responsibilities  of  the  Chief  of 
Staff,  USAF,  with  respect  to  the  Reserve 
Forces  of  the  Department  of  the  Air  Force 
(including  supervision  and  inspection  of  the 
Air  National  Guard  of  the  United  States), 
domestic  emergencies,  and  miscellaneous 
continental  administrative  functions. 

The  Headquarters  Command,  USAF,  pro- 
vides miscellaneous  services  as  directed  by 
Headquarters,  United  States  Air  Force,  in- 
cluding air  transportation  not  available 
through  Military  Air  Transport  Service,  and 
administration  of  the  United  States  Air 
Force  Band,  Air  Attache  and  Air  Mission 
Units,  field  extension  units,  and  other  special 
mission  personnel  both  in  the  continental 
United  States  and  overseas. 

The  Military  Air  Transport  Service  is  op- 
erationally responsible  to  the  Chief  of  Staff, 
USAF,  although  the  command  includes  per- 
sonnel and  other  resources  from  both  the 
Air  Force  and  Navy.  It  operates  on  a  world- 
wide basis  and  provides  airlift  for  the  three 
services  as  directed  by  higher  authority.  In 
addition,  it  furnishes  weather,  communica- 
tions, rescue,  photographic  and  charting, 
and  flight  services  for  the  Air  Force  as  direct- 
ed by  Headquarters,  USAF. 
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The  U.  S.   Air  Force  has  sixteen  major  air  commands  consisting   of  three  combat  commands,   eight  supply 

commands,  and  five  overseas  commands. 


The  United  States  Air  Force  Security 
Service  is  responsible  for  communication  in- 
telligence and  communication  security  activ- 
ities of  the  United  States  Air  Force. 

The  United  States  Air  Force  in  Europe. 
Pacific  Air  Command,  and  Caribbean  Air 
Command  constitute  the  major  overseas 
commands  of  the  USAF.  They  are  respon- 
sible for  the  bomber,  fighter,  transport,  and 
logistic  functions  in  their  areas  of  opera- 
tions. Further,  they  provide  air  strength  for 
the  joint  or  combined  forces  to  which  they 
are  assigned  and  assist  air  forces  of  other 
countries  as  directed  by  higher  authority. 

Below  the  level  of  the  major  air  commands 


are  the  following  echelons  of  command  in 
descending  order:  the  numbered  air  force, 
the  air  division,  the  wing,  the  group,  the 
squadron,  and  the  flight.  A  brief  outline  of 
these  intermediate  and  lower  echelons  is 
given  here  to  show  the  pattern  of  Air  Force 
organization. 

When  a  major  air  command  is  subdivided 
into  numbered  air  forces  or  their  equivalents, 
the  breakdown  is  made  either  according  to 
geographic  areas  or  functions.  Strategic  Air 
Command  is  a  functional  command,  but  it 
is  subdivided  geographically.  The  same  ap- 
plies to  the  Air  Defense  Command  whose 
subdivisions  are  even  more  clearly  geograph- 
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ical  in  nature.  Tactical  Air  Command  and 
the  Air  Training  Command  by  contrast,  have 
their  subordinate  air  forces  organized  ac- 
cording to  functions.  Usually  there  are  two 
or  more  air  forces  under  a  major  air  com- 
mand. The  numbered  air  force  corresponds 
to  the  numbered  army  of  the  U.  S.  Army. 

Usually  the  air  division  appears  in  a  tac- 
tical organization.  When  the  air  division  is 
used,  there  are  two  or  more  under  a  num- 
bered air  force.  The  air  division  is  the  Air 
Force  equivalent  of  the  Army  division. 

The  wing  is  the  basic  unit  of  Air  Force 
organization.  It  is  the  lowest  echelon  of 
command  that  can  operate  independently 
for  any  length  of  time.  The  wing  integrates 
all  the  elements  needed  for  performing  a  mis- 
sion and  operating  a  base.    The  combat  wing 


is  the  organization  usually  designated  to  di- 
rect the  actual  employment  of  air  power. 
Many  noncombat  wings  use  a  standard  com- 
bat wing-base  as  a  guide  for  their  organiza- 
tion. This  wing-base  consists  of  a  headquar- 
ters and  the  following  four  groups :  primary 
mission  (combat,  transport,  training,  etc.), 
maintenance  and  supply,  air  base,  and  medi- 
cal. Usually  there  are  two  to  five  wings  un- 
der an  air  division.  The  wing  is  comparable 
to  the  Army's  brigade. 

When  a  wing  contains  more  squadrons 
than  can  be  controlled  by  one  headquarters, 
the  squadrons  are  placed  in  groups  accord- 
ing to  their  function.  A  wing  usually  has 
four  groups.  The  group  corresponds  to  an 
Army  regiment. 

The  squadron   is  the  basic   tactical  and 
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The  typical  combat  wing  is  made  up  of  a  headquarters,  a  combat  group,  a  maintenance  and  supply  group, 

an  air  base  group,  and  a  medical  group. 
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administrative  unit.  It  may  operate  inde- 
pendently for  a  time,  but  it  usually  has  to 
function  as  part  of  a  group.  It  may  be  an  or- 
ganization that  either  does  or  does  not  fly. 
Normally  there  are  two  or  more  squadrons  to 
a  group.  The  Air  Force  squadron  corres- 
ponds to  the  Army  battalion. 

The  flight  functions  as  a  detachment  of  a 
squadron  or  as  a  unit  with  its  own  authori- 
zation. There  are  two  or  more  flights  in  a 
squadron.  The  flight  is  comparable  to  an 
Army  company. 

Air  Reserve  Force.  Up  to  1958  ap- 
proximately 80  percent  of  all  Air  Force  offi- 
cers on  active  duty  were  Reserve  officers. 
The  Korean  War  emphasized  the  impor- 
tance of  an  adequate  Air  Force  Reserve. 
The  presence  of  large  numbers  of  reservists 
in  its  ranks,  and  the  rapid  influx  of  many 
more  from  civilian  life,  enabled  the  Air 
Force  to  seize  and  hold  control  of  the  air 
over  the  battlefield  in  support  of  hard- 
pressed  UN  ground  forces. 

The  benefits  thus  reaped  by  the  Air  Force 
and  the  nation  in  Korea  were  all  the  more 
remarkable  in  the  light  of  the  painfully  slow 
development  of  the  Reserve  between  1945 
and  1950.  After  World  War  II  a  require- 
ment of  146,000  reservists  was  set  for  organ- 
ized units — groups  and  squadrons  training 
with  aircraft.  The  Reserve  received  an  au- 
thorization of  130  bases,  but  by  1947  only  70 
were  active.  Much  of  the  flying  training 
was  in  outmoded  aircraft  and  therefore  had 
only  limited  value  for  reserve  bomber  and 
fighter  pilots.  Economy  moves  soon  cut  the 
number  of  reserve  bases  to  41,  and  by  1948 
there  were  only  23  remaining. 

Although  followed  by  discouraging  stop- 
and-go  planning,  a  study  by  the  President's 
Air  Policy  Commission  in  1948  did  much  to 
ready  this  country  for  Korea. 

From  its  large  pool  of  reserve  flying  offi- 
cers, the  Air  Force  recalled  thousands  to 
active  duty  for  the  Korean  emergency.  In 
contrast,  only  700  pilots  were  on  call  at  the 
beginning  of  the  Second  World  War. 

The  nature  of  modern  conflict  now  re- 


quires an  Air  Force  Reserve  which  must  be 
better  equipped,  trained  in  more  skills,  and 
more  adequately  prepared  than  ever  before. 
In  an  endeavor  to  meet  this  responsibility, 
Congress  in  1951  formalized  the  over-all  or- 
ganization authorized  by  the  Unification  Act 
of  1947  as  follows:  "The  USAF  shall  con- 
sist of  the  Regular  Air  Force,  the  Air  Force 
Reserve,  the  Air  National  Guard  ..."  The 
Armed  Forces  Reserve  Act  of  1952  further 
defined  the  Guard  and  Reserve. 

The  mission  of  the  reserve  components  of 
the  Air  Force  is  to  provide  trained  units  and 
qualified  individuals  to  be  available  for  ac- 
tive duty  in  the  USAF  when  needed.  The 
Air  Force  Reserve  and  the  Air  National 
Guard  of  the  United  States  are  the  two  re- 
serve components  of  the  Air  Force.  All 
officers  and  airmen  of  these  organizations  are 
USAF  reserve  personnel.  The  following  dis- 
cussion will  acquaint  the  reader  with  the  way 
in  which  the  reserve  components  fit  into  and 
support  the  active  USAF  establishment. 

The  Chief  of  Staff,  USAF,  under  the 
direction  of  the  Secretary  of  the  Air  Force 
is  responsible  for  all  reserve  matters.  Within 
the  Air  Staff,  the  Chief  of  Staff  has  delegated 
general  authority  for  coordinating  and  mon- 
itoring reserve  activities  to  the  Assistant 
Chief  of  Staff  for  Reserve  Forces.  In  addi- 
tion he  has  made  the  deputy  chiefs  responsi- 
ble for  handling  reserve  questions  that  fall 
within  their  areas  of  jurisdiction. 

Field  responsibility  for  the  Air  Force  Re- 
serve largely  rests  with  the  Continental  Air 
Command.  The  Commander,  Continental 
Air  Command,  through  his  numbered  air 
force  commanders,  controls  the  organization, 
training,  support,  and  administration  of  the 
Air  Force  Reserve  and  supervises  the  train- 
ing and  inspection  of  the  Air  National 
Guard.  Permanent  party  support  organi- 
zations, acting  under  the  authority  of  the 
numbered  air  force  commanders,  conduct 
the  organic  administration,  support,  and 
training  of  the  reserve  units.  Responsibility 
for  individual  reservists  holding  mobilization 
assignments  belongs  to  the  major  Air  Force 
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commands  with  which  they  are  affiliated.12 
Each  major  command  takes  care  of  the  ad- 
ministration and  training  of  reservists  hold- 
ing these  assignments. 

The  Air  Force  Reserve  includes  all  air  re- 
servists except  those  who  are  members  of  the 
Air  National  Guard.  Certain  Air  Force  Re- 
serve units  and  positions  are  designated 
Ready.  The  Ready  Reserve  is  that  part  of 
the  reserve  component  of  the  Air  Force  that 
may  be  immediately  called  to  active  duty  in 
an  emergency  declared  by  the  Congress,  pro- 
claimed by  the  President,  or  otherwise  au- 
thorized by  law.  All  reservists  not  assigned 
to  Ready  Reserve  units  or  positions  are  des- 
ignated Standby  Reservists,  unless  they  are 
retained  in  the  Ineligible  Reserve  Section  or 
in  the  Retired  Reserve  Section.13  The 
Standby  Reserve  is  the  part  of  the  Air  Force 
Reserve  that  can  be  called  to  active  duty 
only  in  war  or  by  Congressional  action. 
Each  Air  Force  reservist  has  a  personal 
status  as  a  Ready  Reservist,  a  Standby  Re- 
servist, or  a  Retired  Reservist. 

Aircraft  required  by  the  Air  Force  Reserve 
reach  it  as  a  result  of  the  process  of  modern- 
izing regular  Air  Force  units.  As  new  air- 
craft come  into  service,  the  older  aircraft 
they  displace  are  transferred  to  the  Reserve. 
Air  Force  Reserve  units  are  equipped  on  the 
same  basis  of  authorizations  as  are  units  of 
the  active  Air  Force.     Training  equipment 


12  A  mobilization  assignment  is  an  assignment  of 
an  Air  Force  Reservist  to  a  specific  position  pro- 
vided for  in  an  active  Air  Force  organization  by 
Hq  USAF,  which  position  affords  inactive  duty 
training  to  the  reservist  before  mobilization,  and  a 
place  for  assignment  to  active  duty  upon  mobili- 
zation. 


13  The  Ineligible  Reserve  Section  consists  of 
those  Ready  Reservists  who  were  transferred  to 
the  Air  Force  Reserve  to  complete  a  reserve  obli- 
gation in  accordance  with  the  Universal  Military 
Training  and  Service  Act  of  1948,  as  amended, 
and  who  do  not  voluntarily  participate  in  reserve 
training  programs.  Members  of  the  Retired  Re- 
serve are  those  individuals  whose  names  have  been 
placed  on  the  USAF  Reserve  Retired  list. 


peculiar  to  the  requirements  is  authorized 
and  provided  in  addition  to  authorized  unit 
equipment.  At  the  end  of  Fiscal  Year  1955, 
the  Air  Force  Reserve  had  732  aircraft,  327 
of  which  were  jets. 

The  Air  Force  Reserve  Individual  Train- 
ing Program  has  the  objectives  of  providing 
qualified  individuals  to  meet  the  USAF- 
wide  mobilization  requirements  for  aug- 
mentation, attrition,  and  replacement.  The 
basic  concept  is  that  all  paid  reserve  per- 
sonnel will  train  against  the  mobilization  re- 
quirement. The  training  requirement  is  de- 
termined by  the  proficiency  of  the  reservists 
slated  to  fill  the  mobilization  positions.  Ac- 
tive duty  tours  normally  provide  on-the-job 
training  in  the  mobilization  assignment. 
However,  resident  school  courses  are  avail- 
able when  such  training  is  required.  All  re- 
servists interested  in  furthering  their  military 
knowledge  and  education  can  also  take  cor- 
respondence courses. 


The  Air  National  Guard,  as  has  been 
previously  indicated,  is  a  reserve  component 
of  the  USAF.  It  is  composed  of  federally 
recognized  units,  organizations,  and  persons 
appointed  and  commissioned  in  the  ANG  of 
the  various  states,  territories,  and  District 
of  Columbia.  The  President  may  call  all  or 
any  part  of  the  Air  National  Guard  into 
active  federal  service  whenever  needed.  In 
June  1954  the  Air  Force  and  the  National 
Guard  Bureau  reached  an  agreement  re- 
garding Air  National  Guard  units  not  in 
federal  service.  Under  the  terms  of  the 
agreement,  USAF  Headquarters  would 
make  the  final  decisions  and  the  National 
Guard  Bureau  would  issue  the  necessary  di- 
rectives to  the  units. 
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Air  National  Guard  personnel  receive 
training  from  their  various  units  and  from 
service  schools  of  the  active  military  estab- 
lishment. Unit  training  is  accomplished  at 
unit  training  assemblies,  at  annual  field  train- 
ing periods,  and  through  special  exercises. 
School  training  is  accomplished  at  various 
service  schools  available  to  personnel  of  the 
Air  National  Guard.  The  formal  school 
training  program  for  the  Air  National  Guard 
uses  schools  of  the  regular  Air  Force  estab- 
lishment that  provide  technical  and  profes- 
sional training  beyond  the  capability  of  the 
Air  National  Guard  units.  After  receiving 
such  schooling,  Air  National  Guardsmen  re- 
turn to  their  home  units  and  in  training 
classes  pass  on  what  they  have  learned. 

As  of  June  30,  1955  the  Air  National 
Guard  had  2,054  aircraft  on  hand.  This  was 
70  percent  of  the  2,979  aircraft  authorized 
under  the  27-wing  Air  National  Guard  pro- 
gram. Of  the  total  aircraft  on  hand,  1,097 
were  jet-fighters— F-80's,  F-84's,  F-86's, 
F-89's.  All  Air  National  Guard  fighter 
squadrons  that  had  adequate  runway  facili- 
ties were  by  then  jet-equipped. 

One  of  the  most  significant  developments 
in  the  history  of  the  Air  Reserve  Forces  Pro- 
gram occurred  during  the  period  January 
1 — June  30,  1955.  It  was  the  establishment 
by  the  Chief  of  Staff  of  a  firm  mobilization 
requirement  for  the  Air  Force  Reserve  and 
the  Air  National  Guard,  with  both  com- 
ponents directed  to  attain  an  acceptable  de- 
gree of  combat  capability  at  the  earliest  prac- 
ticable date.  All  later  actions  and  policies 
have  been  geared  to  that  concept,  and  a 
broad  revitalization  program  is  now  in 
progress.  The  Air  Reserve  Forces  are  re- 
ceiving encouraging  recognition  and  support 
as  significant  constituents  of  our  country's 
defense  system. 

Summary.  With  the  development  of  jet 
aircraft  and  nuclear  weapons  of  vast  de- 
structive power,  air  power  has  gained  a  de- 
cisive advantage.  As  a  result,  it  has  radically 
changed  the  conduct  of  war  and  the  condi- 
tions of  national  security.     Without  a  large 


air  force  in-being,  the  United  States  could 
neither  retaliate  in  case  of  air  attack  nor 
bring  the  war  to  a  successful  conclusion  by 
striking  the  enemy's  homeland. 

Because  of  the  need  for  air  power,  the 
United  States  has  built  up  its  Air  Force  rap- 
idly- During  some  50  years  the  Air  Force 
has  grown  from  an  Army  Signal  Corps  unit, 
consisting  of  one  officer  and  two  enlisted 
men,  to  the  status  of  an  independent  service. 
It  already  has  a  record  of  great  achievement, 
written  in  two  world  wars  and  the  Korean 
conflict :  and  its  future  possibilities  as  an  in- 
strument of  national  defense  policy  appear 
unlimited. 

Today  the  Air  Force  is  administered  by  a 
civilian  secretary,  and  its  operations  are 
supervised  by  the  Chief  of  Staff,  assisted  by 
the  Air  Staff.  It  has  the  primary  interest  in 
all  operations  in  the  air  except  naval  air  oper- 
ations. It  defends  the  United  States  against 
air  attack,  and  it  is  responsible  for  launching 
a  counteroffensive  against  the  aggressor.  It 
also  is  charged  with  giving  logistic  and  com- 
bat air  support  to  the  Army. 

To  carry  out  its  mission,  the  Air  Force  is 
organized  primarily  on  a  functional  basis,  a 
type  of  organization  suited  to  rapidly  moving 
air  forces  deployed  on  a  global  scale.  This 
functional  division  does  not,  however,  de- 
stroy the  unity  of  the  Air  Force.  The  differ- 
ent functional  commands  supplement  each 
other. 

The  combat  power  of  the  Air  Force  resides 
in  the  Strategic  Air  Command,  the  Tactical 
Air  Command,  the  Air  Defense  Command, 
and  the  overseas  air  commands.  To  give 
these  commands  a  critical  edge  in  quality 
over  its  potential  foe,  the  United  States 
strives  constantly  to  supply  them  with  the 
best  new  weapon  systems  that  the  Air  Re- 
search and  Development  Command,  and  the 
Air  "Materiel  Command,  can  design,  test,  and 
procure.  Maintaining  and  operating  this 
top-quality  equipment  are  personnel  trained 
and  educated  by  the  Air  Training  Command 
and  Air  University.  The  Military  Air 
Transport  Service  provides  air  transport  for 
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all  the  services  on  a  worldwide  basis. 
Within  the  United  States,  Continental  Air 
Command  exercises  jurisdiction  over  the  Air 
Reserve  Forces  and  performs  other  admin- 
istrative services.  The  Air  Force  Security 
Service  and  Headquarters  Command, 
USAF,  are  service  organizations. 


Behind  this  active  duty  Air  Force  stand 
the  Air  Force  Reserve  and  the  Air  National 
Guard  of  the  United  States,  both  of  which 
have  already  rendered  invaluable  service  to 
the  nation  in  time  of  crisis  and  are  preparing 
to  do  so  again  should  the  need  arise. 


The  U.  S.  Air  Force's  supersonic  "Century 
Series".  Clockwise  from  the  bottom,  Lock- 
heed F-104  Starfighter,  North  American 
F-100  Supersabre,  Convair  F-102  Dagger, 
McDonnell  F-101  Voodoo,  and  Republic 
F-105  Thunderchief. 


PART 
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CHAPTER 


Air  Research, 
Development,  and 
Procurement 


RESEARCH   AND   DEVELOPMENT 

[T  is  generally  believed  that  the  chances  of  preventing  another 
war  are  in  direct  ratio  to  the  military  strength  of  the  United  States, 
[f  the  United  States  remains  strong  enough  to  deal  instantly  and 
effectively  with  any  act  of  aggression,  would-be  attackers  are  not 
ikely  to  commit  such  acts.  The  military  strength  of  the  United 
States  today  depends  for  the  most  part  on  the  quality  of  the  nation's 
lir  arm.  The  air  arm  in  turn  depends  heavily  on  the  quality  of 
ts  research  and  development  program,  for  only  if  that  program 
unctions  imaginatively  and  efficiently  will  there  be  available  the 
idvanced  weapon  systems  needed  to  deter  or  destroy  aggressors. 
rhese  new  weapon  systems  must  grow  out  of  achievements  in  pure 
md  applied  science.  That  is  why  there  has  to  be  a  close  coupling 
}f  military  research  and  development  with  progress  in  science  and 
:echnology. 


Research  and  development  in  the  broad 
technical  fields  now  encompassed  by  aerial 
weapons  systems  is  one  of  the  most  important 
aspects  of  the  USAF  and  the  nation's  secu- 
rity. It  provides  significant  returns  for  the 
taxpayer.  In  the  first  place,  it  can  bring 
forth  aerial  weapon  systems  of  sufficient  su- 
periority to  deter  any  potential  aggressor. 
In  the  event  the  deterrent  fails,  those  same 
aerial  weapon  systems  will  help  decisively 
to  insure  military  victory  over  the  aggressor. 
Finally,  progress  in  research  and  develop- 
ment will  have  a  fruitful  effect  on  the  na- 
tion's industry  and  general  economy. 

A  critical  phase  in  the  air  research  and 
development  program  has  now  been  reached. 
This  country  is  confronted  by  the  gravest 
challenge  it  has  ever  known.  Our  potential 
enemies  are  bent  on  using  military  might  to 
promote  the  spread  of  their  tyranny,  and 
they  are  therefore  working  day  and  night  to 
outstrip  us  in  the  air.  This,  coupled  with 
the  disturbing  fact  of  their  rising  scientific 
skill,  has  forced  our  civilian  and  military 
leaders  to  take  drastic  action. 

To  meet  the  challenge,  the  Air  Force  has 
put  a  heavy  stress  on  the  activities  of  the  Air 
Research  and  Development  Command. 
The  stress  is  likely  to  increase  greatly  in  the 
coming  years.  This  chapter  will  deal  largely 
with  the  way  in  which  ARDC  has  molded 
its  unique  military-industry-science  partner- 
ship, and  the  policies  and  factors  which  guide 
its  work. 

Under  the  pressure  of  world  crisis,  ex- 
penditures on  our  research  and  development 
program  have  soared  from  about  $29,000,- 
000  in  fiscal  year  1940  to  about  $2,050,000,- 
000  for  fiscal  year  1956.  The  effective  or- 
ganization of  this  program  requires  the  con- 
stant integration  of  military  with  civilian 
skills.  The  gains  cannot  be  measured  in  dol- 
lars and  cents;  they  must  be  measured  in 
terms  of  the  defense  of  the  United  States. 

Before  the  Second  World  War  the  research 
and  development  activities  of  the  Army  and 
Navy  were  at  an  extremely  low  level.  Money 
was  limited,  and  therefore  activity  and  re- 


sults were  also  limited.  This  situation  was 
probably  an  important  factor  in  the  creation 
by  the  President  in  June  1940  of  the  Na- 
tional Defense  Research  Committee,  a 
civilian  organization  with  authority  to  initi- 
ate, and  funds  to  support,  research  and  de- 
velopment directed  at  creating  new  weapons. 

This  was  indeed  a  most  constructive  and 
essential  step  toward  an  immediate  and  effec- 
tive application  of  science  and  technology  to 
the  art  of  war.  The  talents  and  resources 
were  available.  In  the  period  after  the 
First  World  War  the  scientific  strength  of  our 
country  had  grown  enormously.  The  num- 
ber of  universities  engaged  in  research  in 
the  physical  sciences  had  increased  several 
fold,  and  there  had  been  a  corresponding 
increase  in  American  contributions  to  scien- 
tific knowledge.  American  industries  had 
created  a  dynamic  technology  directed  at 
applying  the  new  knowledge.  If  this  coun- 
try was  to  create  with  speed  advanced  tech- 
niques and  weapons,  then  the  civilian  scien- 
tists and  engineers,  and  the  research  and  de- 
velopment establishments  of  our  universities 
and  industries  had  to  be  employed. 

In  1941  the  Office  of  Scientific  Research 
and  Development  superseded  the  National 
Defense  Research  Committee.  The  scope  of 
the  new  organization  was  greater  than  that 
of  the  old.  Throughout  World  War  II  it 
was  the  leading  agency  in  the  field  of  civilian 
scientific  and  technological  effort.  As  the 
war  progressed  the  Army  and  Navy  rapidly 
expanded  their  own  organizations  for  re- 
search and  development.  In  addition  to 
their  close  and  increasingly  effective  coopera- 
tion in  the  programs  begun  by  the  Office  of 
Scientific  Research  and  Development,  the 
Army  and  Navy  undertook  their  own  pro- 
grams, which  were  largely  carried  out  in  in- 
dustrial laboratories.  The  combined  effort 
of  the  civilian  and  military  organizations 
yielded  a  rich  harvest  in  the  ways  and  means 
of  waging  war. 

By  the  close  of  the  war  we  were  superior  or 
equal  to  the  Germans  in  the  weapons  of  that 
day.     We  had  also,  with  the  cooperation  of 
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our  British  and  Canadian  allies,  created  the 
atomic  bomb.  Only  in  certain  areas  of  ad- 
vanced weapon  development  did  we  lag  be- 
hind our  enemies.  As  part  of  the  general 
and  rapid  demobilization  of  the  armed 
forces,  the  Office  of  Scientific  Research  and 
Development  went  out  of  existence  in  1946, 
and  its  programs  were  assigned  to  the  Army 
and  Navy  for  disposition.  The  two  services 
set  up  the  Joint  Research  and  Development 
Board  to  coordinate  all  their  research  and 
development  programs.  After  the  USAF 
came  into  existence,  the  task  of  coordinating 
the  programs  of  the  three  defense  depart- 
ments was  assigned  to  the  Research  and  De- 
velopment Board,  which  was  made  part  of 
the  office  of  the  Secretary  of  Defense.  In 
the  new  Department  of  the  Air  Force,  a  spe- 
cial assistant  to  the  Secretary  received  charge 
of  the  coordination  of  air  research  and  de- 
velopment matters.  Actual  operations  came 
under  the  Air  Research  and  Development 
Command. 

The  research  and  development  difficul- 
ties that  plagued  the  Air  Force  in  this  post- 
war era  of  economy-mindedness  were  many 
and  diverse.  There  was  much  to  be  done 
and  the  means  were  often  less  than  adequate. 
The  problems  arose  in  part  from  the  nature 
of  the  work.  It  was  fantastically  complex, 
took  time,  required  steady  effort,  and  once 
cut  back  could  not  be  resumed  without  great 
trouble. 


The  following  story  of  the  Martin  Mata- 
dor will  give  some  insight  into  the  complexi- 
ties and  problems  involved  in  the  develop- 
ment program.1 


1  Reprinted  from  "Birth  of  a  Missile,"  Aviation 
Age,  Vol  23  (June  15,  1955),  by  permission  of 
Conover-Nast   Publications.      Copyright    1955. 


After  World  War  II  in  Europe  was  over 
and  our  field  officers  had  had  a  chance  to 
look  closely  at  the  German  installations, 
they  were  quite  impressed  by  the  enormous 
possibilities  of  the  science  of  guided  mis- 
siles. They  studied  performance  figures 
of  existing  missiles  and  began  to  send  back 
suggested  specifications  for  American 
firms  to  work  on.  One  of  these  specifica- 
tions triggered  the  design  competition  for 
the  weapon  system  that  since  has  become 
known  as  the  "Matador".  In  August, 
1945,  the  list  of  desired  properties  for  a 
ground-to-ground  missile  was  submitted 
to  U.  S.  aircraft  manufacturers.  A  num- 
ber of  companies  prepared  proposals 
covering  a  wide  range  of  configurations  to 
accomplish  the  desired  performance. 

After  looking  over  these  proposals,  the 
Air  Force  placed  thirty  contracts  with 
several  companies  in  March,  1946.  These 
preliminary  design  studies  were  to  be  com- 
pleted by  January,  1947.  The  Air  Mate- 
riel Command  evaluated  them  and  in  Au- 
gust, 1947  a  development  contract  was 
awarded  to  the  Glenn  L.  Martin  Company 
of  Baltimore,  Maryland.  Although  engi- 
neers considered  a  number  of  configura- 
tions during  the  preliminary  study  period, 
only  one  design  was  submitted  for  the 
final  evaluation.  This  original  plan  called 
for  all  the  additional  assemblies  necessary 
to  fly  the  missile,  including  the  zero-length 
launcher.  One  of  the  primary  Air  Force 
requirements  was  that  the  new  missile  be 
economical  to  construct  and  simple  to 
maintain.  Therefore,  the  Martin  pro- 
gram was  based  on  the  use,  so  far  as  pos- 
sible, of  stock  items.  For  example,  a  pro- 
duction engine,  the  Allison  J— 33,  was 
selected.  An  existing  internal  guidance 
system  was  used  in  the  original  version. 

In  December,  1947  fabrication  of  the 
first  missile  started.  This  experimental 
model  was  completed  in  June,  1948  and 
delivered  to  the  field  in  October,  1948. 
While  this  was  going  on,  the  other  assem- 
blies and  components  were  being  built  by 
various  sub-contractors.  Union  Switch 
and  Signal  was  given  the  job  of  building 
a  mobile  zero-length  launcher  on  a  flat  bed 
trailer.  For  the  early  test  Martin  con- 
structed a  heavy  fixed  launcher  at  Aber- 
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deen  Proving  Grounds.  This  was  used  to 
test  ten  dummy  Matadors  during  1948. 
In  January,  1949  the  mobile  launcher  was 
delivered  to  the  field.  The  test  that  fol- 
lowed proved  that  the  basic  airframe  was 
flyable,  that  the  zero-length  launch  tech- 
nique worked.  Since  the  early  Matadors 
had  been  built  for  experimental  purposes, 
they  had  a  number  of  drawbacks  from  the 
production  standpoint.  For  instance,  the 
fuselage  had  double  curvature  all  along 
the  way  which  made  for  difficult  fabrica- 
tion. From  a  field  maintenance  stand- 
point, such  features  as  the  mid-wing  de- 
sign were  undesirable.  The  wing  had  to 
be  carefully  slid  into  a  hole  in  the  fuselage 
and  then  secured  with  over  70  screws.  As 
the  experimental  program  continued,  the 
usual  quota  of  "bugs"'  began  to  appear. 
One  was  that  the  missile  suddenly  spun  in 
during  a  level  flight.  It  turned  out  the 
fuel  tank  pressure  release  valve  failed  at 
altitudes  over  30,000  feet.  At  high  alti- 
tudes, fuel  consumption  without  pressure 
relief  caused  the  fuel  tank  to  collapse. 
This  in  turn  smashed  the  vertical  gyro 
which  was  located  just  behind  the  tank. 
The  solution  was  to  substitute  a  new  kind 
of  valve.  In  another  test  flight  the  power 
plant  quit  and  the  missile  failed  in  the 
terminal  dive.  This  time  the  intake  duct 
had  collapsed  completely  during  the  dive. 
The  structure  was  changed  again  and  this 
solved  the  problem. 

The  test  program  continued  throughout 
1949  but  late  in  that  year  it  was  curtailed 
due  to  fund  cutbacks.  Work  continued 
on  a  reduced  level.  By  the  middle  of 
1950,  at  the  outbreak  of  the  Korean  War, 
the  Matador  had  not  yet  been  fully  devel- 
oped. Despite  this,  it  was  decided  to  start 
an  accelerated  program  to  get  a  produc- 
tion version  of  Matador  as  quickly  as  pos- 
sible. Even  more  than  the  original  design, 
the  production  version  had  to  be  inexpen- 
sive and  easy  to  maintain  in  the  field.  This 
redesign  replaced  the  fuselage  double 
curvature  and  more  easily  produced  sin- 
gle curvature  throughout.  The  wing  was 
made  a  shoulder  type  so  that  it  could  be 
easily  placed  in  position  and  fastened  with 
fewer  bolts.  The  missile  was  also  divided 
into  seven  sections  for  ease  of  assembly 
and   to   facilitate   shipping.      The   entire 
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structure  was  simplified  as  much  as  possi- 
ble. The  performance  requirements  for 
the  production  model  were  also  changed. 
This  increased  the  gross  weight  which 
made  it  necessary  to  develop  a  new  booster 
rocket  to  supply  more  thrust  for  takeoff. 

While  the  production  redesign  program 
was  getting  under  way,  tests  were  con- 
tinued with  later  models  of  the  Matador. 
Originally  all  turns  were  flat  ones  and  used 
the  rudder,  but  this  meant  the  missile 
couldn't  stabilize  quickly  enough  in  a  roll. 
In  1950  the  rudder  was  eliminated  to 
make  all  turns  coordinated  ones.  This 
also  made  it  possible  to  use  a  simplified 
autopilot.  The  1951  test  program  demon- 
strated that  the  elevators  could  not  con- 
trol extreme  conditions  of  push-over  and 
dive.  Therefore,  a  new,  all  movable  hori- 
zontal stabilizer  was  installed.  The  stabi- 
lizer was  also  changed  from  a  straight  sur- 
face one  to  one  with  dihedral. 

Close-up  of  the  engine  control  circuits  in  the  Mata- 
dor. Literally  miles  of  intricate  wiring  and  complex 
circuitry  go  into  the  missile's  design. 

~^^^  U.  S.  Air  Force  Photo 


Air  Force  Matador  being  raised  to  firing  position 
by  an  Air  Force  launch  technician  who  is  operating 
its  hydraulic  elevator  controls.  Through  improve- 
ments in  the  guidance  system,  this  model  of  the 
Matador  was  made  more  highly  resistant  to  enemy 
electronic  counter-measures  than  were  earlier  models. 
It  flies  more  than  650  mph.  at  altitudes  above  35,000 
feet. 
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One  of  the  many  "bugs"  which  the  Matador's 
designers  had  to  solve  was  proper  location  of  com- 
ponents and  units,  such  as  the  hydraulic  transfer 
valve  shown  above. 


The  first  launch  of  the  Matador  was  in 
November,  1952.  The  test  failed — the 
booster  rocket  nozzle  flew  off.  The  nozzle 
was  redesigned  and  the  first  successful 
launch  took  place  in  January,  1953.  Dur- 
ing the  1953  test,  a  new  difficulty  arose. 
The  missile  broke  up  in  the  terminal  dive 
phase  of  its  flight.  It  was  thought  that 
this  wouldn't  occur  if  the  Matador's  speed 
could  be  kept  out  of  the  narrow  band  of 
transonic  speeds.  The  first  attempt  to 
solve  the  problem  was  to  devise  a  means 
of  slowing  the  missile  down  as  it  entered 
the  dive  so  that  it  wouldn't  exceed  the 
critical  speed.  A  drag  parachute  was  at- 
tached to  the  tail  to  open  just  as  the  dive 
phase  began.  The  second  attempt  con- 
sisted of  setting  the  engine  at  full  speed  as 
the  dive  started  so  that  the  speed  would 
be  kept  above  critical.  However,  neither 
method  was  effective. 

In  1954  it  was  finally  decided  to 
strengthen  the  structure  to  prevent  failure 
at  the  high  dive  speeds.  Stronger  vertical 
fittings  were  used  in  the  tail.  The  linkages 
in  the  horizontal  stabilizer  control  and  the 
wing  fittings  were  also  beefed  up.  Another 
change  involved  straightening  the  upper 
aft  end  of  the  fuselage  to  reduce  the  ven- 
turi  effect  between  the  tail  and  the  fuse- 
lage. With  the  solution  of  the  terminal 
dive  problem,  the  last  major  obstacle  in 
the  Matador  development  program  was 
overcome.  By  mid- 1954,  the  USAF  was 
ready  to  set  up  its  first  operational  Mata- 
dor unit. 


How  a   Weapon   System   Is   Planned 

Today,  the  first  step  in  planning  a  weapon 
system  is  to  determine  a  need  for  it  in  Head- 
quarters USAF.  This  involves  a  considera- 
tion of  national  policy,  military  strategy  and 
tactics,  war  plans,  and  also  the  capabilities 
of  the  potential  enemy.     The  Office  of  De- 


velopment Planning  of  the  Air  Staff  per- 
forms this  function.  Working  with  the  Air 
Research  and  Development  Command,  it 
evolves  a  development  planning  objective 
which  describes  the  capabilities  of  the  air 
weapons  required  to  support  basic  combat 
missions  of  the  Air  Force.  The  planners 
have  to  look  five  to  fifteen  years  into  the 
future. 

Once  the  general  objective  has  been 
stated,  the  next  step  is  to  become  more  spe- 
cific by  issuing  a  General  Operational  Re- 
quirement (GOR).  This  document  spells 
out  the  operational  need  for  a  weapon  in  the 
fulfillment  of  a  specific  mission.  After  re- 
ceiving the  GOR,  Air  Research  and  De- 
velopment Command  reviews  it  and  estab- 
lishes development  policy  and  guidance  in 
the  various  technical  areas  to  be  explored  in 
the  process  of  fulfilling  the  requirement. 

The  next  phase  is  the  actual  development. 
This  is  done  essentially  through  weapon  sys- 
tem contracts.  The  weapon  system  contrac- 
tor is  responsible  for  the  complete  engineer- 
ing integration  of  all  the  components  of  the 
system.  He  talks  to  people  who  will  use  it 
about  manner  of  use,  bases,  operational  en- 
vironment, kind  of  bombs,  type  of  tactical 
control,  and  so  on.  In  his  relations  with  the 
Air  Force,  he  is  governed  by  its  policy  of  not 
allowing  public  funds  to  be  spent  in  a  way 
that  will  give  a  weapon  system  contractor  an 
unfair  advantage  over  his  competitors.  Pub- 
lic funds,  the  Air  Force  feels,  should  not  serve 
to  weaken  competition. 

In  shaping  its  research  and  development 
philosophy  the  Air  Force  has  to  take  into 
account  trends  in  international  relations  and 
many  other  factors.  It  must  always  avoid 
short-term  palliatives  that  solve  nothing,  but 
seek  instead  programs  that  will  have  validity 
for  more  than  a  day.  As  former  Secretary  of 
Defense  Charles  E.  Wilson  put  it :  "Our  per- 
manent policies  cannot  be  based  upon  the 
simple  summation  of  all  the  possible  emer- 
gencies we  face,  nor  can  our  forces  be  cal- 
culated by  the  simple  addition  of  all  of  our 
forces  necessary  to  meet  all  possible  emer- 


gencies  simultaneously.  Emergency  meas- 
ures are  superficial.  They  are  costly  in  both 
manpower  and  resources.  We  must  have 
long-range  plans  and  be  able  to  take  the 
initiative  if  necessary." 

Advances  in  the  field  of  research  and  de- 
velopment are  now  coming  so  rapidly  that 
keeping  ahead  of  potential  enemies  in  the 
race   for   better   weapons   calls   for   a   con- 
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Huge  RCA  electronic  microscope  used  in  the  patho- 
logical department  at  the  School  of  Aviation  Medi- 
cine, Randolph  Air  Force  Base,  Texas.  Capable  of 
multiplying  objects  700  times  their  normal  size,  the 
microscope  is  typical  of  the  new  scientific  instruments 
which  are  enabling  flight  surgeons  and  scientists  to 
make  great  progress  in  aeromedical  research. 


tinuous,  well-organized,  and  extensive  pro- 
gram. Modern  arms  are  complicated 
mechanisms  that  require  in  their  develop- 
ment the  cooperative  effort  of  many  highly 
skilled  specialists. 

The  successful  takeoff,  flight,  and  landing 
of  a  robot  plane  stirs  the  imagination  to 
thoughts  of  a  new  age  in  warfare.  But  usu- 
ally there  is  little  realization  of  the  number  of 
developmental  steps  leading  to  the  plane's 
flight.  Those  steps  are  absolutely  essential. 
Without  them  there  would  be  no  flight. 
Behind  every  new  weapon,  aircraft,  mis- 
sile, or  other  device  is  an  idea  or  series  of 
ideas  which  must  undergo  infinite  refine- 
ment and  improvement  before  anything 
militarily  worthwhile  can  come  of  them. 

The   Speed-Up   of   Technical    Progress 

Surrounded  by  speed,  caught  up  by  it, 
one  overlooks  the  rapidity  with  which  great 
changes  are  happening.  Atomic  energy, 
with  its  tremendous  impact  upon  the  future 
of  mankind,  is  a  product  of  the  last  few 
years.  The  airplane  was  only  a  theory  little 
more  than  fifty  years  ago.  What  caused  the 
sudden  step-up  in  the  pace  of  technical 
progress? 

Consider  that  for  thousands  of  years  man 
moved  only  as  fast  as  his  legs  could  take  him, 
or  a  beast  of  burden  could  carry  him,  or  a 
wind  could  drive  him.  Not  until  the  nine- 
teenth century  and  the  advent  of  the  steam 
locomotive  and  the  steamship  was  there  any 
sharp  increase  in  his  speed.  In  the  first  quar- 
ter of  the  twentieth  century,  the  develop- 
ment of  the  automobile  and  the  airplane 
caused  his  pace  to  spurt  ahead.  Before  the 
century  reached  its  mid-point,  he  had  shot 
through  and  well  beyond  the  sound  barrier. 

What  was  it  that  held  man  back  a  hun- 
dred, or  a  thousand  years  ago?  All  of  the 
raw  materials  needed  for  an  automobile  or 
airplane  existed  then.  Metals  and  fuels  were 
in  the  earth.  The  atmosphere  was  subject  to 
the  same  laws  and  had  the  same  proper- 
ties as  today.  The  only  thing  lacking  was  a 
sufficient  accumulation  of  scientific  and 
technical  knowledge. 
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There  is  a  parallel  between  the  rate  of  in- 
crease in  scientific  knowledge  and  the  rate 
of  increase  in  speed  of  travel.  The  more 
man  knows  the  faster  he  travels.  Science 
breeds  invention.  This  dependence  of  in- 
vention on  science  points  toward  the  labora- 
tory, toward  research  as  the  means  of  re- 
placing our  ignorance  with  knowledge,  the 
ultimate  source  of  development.  Great  dis- 
coveries may  seem  to  come  from  happy  lab- 
oratory accidents  or  wild  hunches,  but  in  an 
ultimate  sense  they  are  the  products  of 
trained  imaginations.  The  researcher  does 
not  stumble  vagely  about  simply  hoping  to 
stub  his  toe  on  a  nugget  of  knowledge.  He 
proceeds  systematically  to  investigate  the 
fringe  areas  of  what  we  already  know,  and 
his  mind  takes  him  from  there. 

Research   and    Development — 
A   Three-Fold   Activity 

The  storing  of  knowledge,  the  finding 
of  possible  uses  or  applications,  and  the 
development  of  these  into  products  or  tech- 
niques— these  are  the  steps  that  lead  to  rev- 
olutionary devices.  They  are  steps  which 
represent  the  three  broad,  interwoven  activ- 
ities of  research  and  development:  ( 1 )  basic 
research,  (2)  applied  research,  and  (3)  de- 
velopment. The  steps  are  interrelated. 
They  may  overlap  or  seem  to  take  place 
simultaneously.  But  they  always  form  the 
pattern  of  progress  in  converting  ideas  into 
realities. 

In  general,  basic  research  supplies  the 
facts,  and  applied  research  and  development 
put  them  to  work.  Basic  research  creates 
fundamental  knowledge;  applied  research 
surveys  that  knowledge  to  find  uses  for  it; 
and  development  takes  those  usable  ideas 
and  translates  them  into  machines,  ma- 
terials, or  techniques. 

To  illustrate,  Bernouilli,  seeking  to  find 
an  answer  to  what  happens  when  water  flows 
into  a  pipe  or  when  one  current  of  air  flows 
into  another,  did  some  basic  research  and 
arrived  at  a  law  governing  the  flow  of  fluids. 
The  Wright  brothers,  applying  this  basic  law 


to  the  problem  of  flight,  arrived  at  some  ideas 
about  the  flow  of  air  over  and  around  an  air- 
foil, built  those  ideas  into  an  airframe,  and 
scored  a  triumph  over  gravity  at  Kitty  Hawk. 
To  clarify  the  nature  of  the  research  and 
development  process,  let  us  examine  each  of 
its  three  activities  separately,  keeping  in 
mind  that  research  and  development  are  in- 
terwoven processes  and  that  our  division  is 
for  discussion  purposes  only. 

Basic  Research 

Basic  research  seeks  knowledge,  not  me- 
chanical devices.  What  distinguishes  it 
from  applied  research  is  the  point  of  view 
rather  than  the  method  of  the  researcher. 
The  scientist  engaged  in  basic  research  is 
concerned  only  with  reaching  an  understand- 
ing of  the  subject  he  is  investigating.  Prac- 
tical goals  in  his  investigation  might  affect 
the  truth  of  his  results.  He  seeks  facts,  not 
applications.  When  Hertz  discovered  radio 
waves,  he  was  not  intent  upon  making  a 
wireless.  Nor  was  Roentgen  trying  to  see 
through  solid  objects  when  he  found  X-rays. 

The  scientist's  quest  need  not  even  con- 
tinue in  the  direction  in  which  it  started. 
The  consequence  of  his  detours  may  over- 
shadow in  importance  his  original  goal.  His 
only  concern  is  the  truth.  He  must  report  all 
the  facts  and  follow  them  wherever  they 
lead,  free  from  wishful  thinking  or  fixed  be- 
liefs that  might  blind  him  to  their  meaning. 
Applied  Research 

Once  fundamentals  are  accumulated,  na- 
tive shrewdness  can  put  them  to  work.  The 
role  of  practical  investigation  or  applied  re- 
search, has  already  been  indicated.  It  is 
the  systematic  survey  of  basic  knowledge  to 
discover  possible  keys  to  the  development  of 
new  techniques  or  items.  There  is  here  a 
distinct  shift  in  the  investigator's  point  of 
view.  In  applied  research  he  sets  out  to 
prove  that  a  certain  application  is  feasible. 
He  looks  for  ideas  that  he  thinks  he  can 
use.  And  he  associates  closely  with  scientists 
and  engineers  working  on  actual  develop- 
ment. 
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Doctor  Hertz  did  his  work  on  electro- 
magnetic waves  with  no  specific  application 
in  mind.  It  was  basic  research.  But  Mar- 
coni, applying  Hertz's  principles  and  investi- 
gating further,  developed  a  receiver  and 
transmitter  and  thus  opened  up  the  field  of 
radio-telegraphy. 

Edison  discovered  that  a  wire  placed  in  a 
vacuum  and  heated  into  incandescence  gave 
off  electrons,  a  phenomenon  called  the  Edi- 
son Effect.  He  did  nothing  with  it,  however. 
To  him  it  was  simply  basic  knowledge.  Doc- 
tor Lee  DeForest,  applying  it,  developed  the 
Three  Electrode  Tube  and  helped  lay  the 
foundation  for  electronics,  so  important  in 
military  developments. 

Sooner  or  later  nearly  every  scientific  idea 
finds  its  way  into  the  activities  of  warfare. 
To  speed  the  adaption  of  such  developments 
to  our  military  needs,  we  can  screen  new 
ideas  which  come  from  basic  research.  The 
hydrogen  bomb  program  grew  out  of  just 
such  a  screening  process. 

Development 

Once  a  scientist  has  basic  knowledge  and 
has  determined  how  it  can  be  put  to  work, 
he  is  ready  to  build  a  model  or  develop  a 
technique  and  see  if  it  will  do  what  was  in- 
tended. At  the  development  stage  he  is 
back  on  firm  ground.  Moving  well  away 
from  theory,  he  takes  the  first  concrete  steps 
toward  production.  Nothing  of  course 
jumps  from  applied  research  into  actual  use. 
To  have  an  idea  is  not  to  have  an  item.  To 
develop  an  idea  into  a  working  article,  the 
scientist  must  do  some  deliberate  planning, 
exercise  his  ingenuity,  and  tie  together  all 
that  is  known  which  can  contribute  prac- 
tically to  the  desired  result. 

The  development  process  goes  through 
four  main  stages — the  breadboard  stage,  en- 
gineering, production,  and  testing.  Usually 
the  first  stage  in  development  is  one  of  ex- 
periment, of  laying  out  the  parts  and  fitting 
them  into  something  that  will  work.  A 
radio  ham  would  liken  it  to  the  breadboard 
stage,  in  which  he  strings  out  radio  parts  and 


then  connects  them  to  see  if  they  will  send 
and  receive.  In  modern  armament  develop- 
ment, this  first  stage  may  be  quite  involved 
because  the  things  being  used  are  far  from 
simple,  and  the  performance  standards  are 
severe  in  the  extreme. 

The  scientists  can  skip  the  breadboard 
stage  if  the  new  development  is  merely  an 
extension  or  refinement  of  something  already 
in  use,  such  as  a  new  version  of  an  old  air- 
craft. But  the  usual  transition  is  through  the 
breadboard  stage  to  the  engineering  stage. 


Here  the  device,  weapon,  or  equipment  is  re- 
fined. Engineers  work  to  improve  its  per- 
formance, to  bring  it  as  far  toward  perfection 
as  they  can,  and  to  develop  the  prototype 
model — the  master  model  which  goes  into 
production. 
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In  the  production  stage  the  prototype 
model  (the  pattern)  is  manufactured.  But 
before  production  items  can  start  rolling  off 
the  assembly  line  in  quantity,  engineers  must 
design  and  make  new  machinery,  tools,  dies, 
or  jigs.  Radical  departures  from  standard 
design  make  retooling  a  big  and  costly  job. 
Thus,  if  designers  can  get  results  without 
making  radical  changes,  they  stay  as  close  as 
possible  to  familiar,  well-tried  designs. 

The  engineering  problems  of  the  produc- 
tion line  are  no  small  part  of  the  over-all  de- 
velopment problem.  The  assembly  line 
must  run  smoothly,  efficiently,  and  cheaply. 
Engineers   must   eliminate  bottlenecks   and 


Giant  rotor  blades,  each  weighing  1,200  pounds, 
developed  to  push  air  through  the  transonic  circuit 
of  the  propulsion  wind  tunnel  at  the  Air  Force's 
Arnold  Engineering  Development  Center,  Tulla- 
homa,  Tennessee.  Three  rotor  stages,  each  consist- 
ing of  97  of  these  blades,  will  be  positioned  in  the 
stator  vanes  to  form  the  compressor  for  the  transonic 
circuit.  When  completed  the  motor  drive  system, 
together  with  the  compressor  system,  will  form  the 
longest  rotating  mass  ever  attempted  by  man  (574 
feet  long  or  approximately  the  length  of  two  foot 
ball  fields). 

cut  time  and  cost  whenever  they  can  do  so 
without  sacrificing  essential  quality.  If  pos- 
sible, they  must  find  substitutes  for  things 
that  are  either  expensive  or  critical  and  be 
able  to  turn  them  out  in  sufficient  quantities. 
But  even  after  all  apparent  obstacles  have 
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been  overcome,  the  new  item  must  pass  a 
series  of  tests  before  it  can  go  into  mass 
production. 

If  you  have  ever  built  a  model  plane,  the 
question  uppermost  in  your  mind  while  you 
were  building  it  probably  was,  "Will  it  fly0" 
Similarly,  the  big  question  in  development  is, 
"Will  it  do  the  job  for  which  it  was  de- 
signed?" Only  testing  will  give  the  answer. 
Testing  newly  developed  equipment  is  a 
major  part  of  the  research  and  development 
program.      Though    the    manufacturer    of 


/*/ 


> 


military  equipment  conducts  his  own  tests  to 
satisfy  himself  that  he  has  met  specifications, 
most  of  the  testing  is  done  by  the  services. 

Engineering,  structural,  and  service  tests 
are  normally  required  for  Air  Force  pur- 
poses. In  engineering  testing,  engineers  at 
Wright  Air  Development  Center,  Edwards 
Air  Force  Base.  Patrick  Air  Force  Base,  or 
other  Air  Research  and  Development  Com- 
mand centers  undertake  to  find  out  whether 
the  components  or  parts  will  perform  ade- 
quately under  the  required  conditions. 
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Air  Force  test  pilots,  left  to  right,  Major 
Charles  "Chuck"  Yeager  and  Major 
Arthur  Murray  exchanging  a  hand  shake 
in  front  of  the  Bell  X-1  A  supersonic  re- 
search aircraft.  Both  are  wearing  the 
T-1  high  altitude  flying  suit  developed 
through  six  years  of  experiments  by  the 
Air  Research  and  Development  Com- 
mand's Aero-Medical  Laboratory  at 
Wright  Air  Development  Center,  Day- 
ton, Ohio. 


The  structural  tests  are  for  safety.  They 
are  made  to  determine  the  ability  of  equip- 
ment to  stand  strains  and  shocks  akin  to 
those  encountered  under  extreme  operating 
conditions.  Aircraft  are  tested  for  struc- 
tural integrity  to  the  point  of  destruction  as 
weights  are  applied  at  various  critical  spots. 

Service  tests  are  the  gauntlet  that  new  de- 
velopments must  run  in  order  to  be  accepted 
as  combat  ready.  For  a  combat  pilot  what 
matters  most  about  a  new  aircraft  is  its  oper- 
ational suitability.  "Will  it  do  the  military 
job  it  was  designed  to  do?"  Service  tests, 
made  under  simulated  combat  conditions. 


answer  that  question  as  far  as  possible  with- 
out actually  putting  the  equipment  through 
the  stresses  of  war  itself.  The  task  of  finding 
out  how  well  equipment  can  take  combat- 
like conditions  usually  falls  to  the  Air  Prov- 
ing Ground  at  Eglin  Air  Force  Base.  Serv- 
ice-test reports  give  the  Air  Force  the  evalu- 
ations it  needs  and  also  indicate  whether  or 
not  the  manufacturer  has  met  specifications. 
Besides  providing  evaluations,  service  tests 
help  in  the  evaluation  of  tactics  and  tech- 
niques for  new  weapons.  Test  results  feed 
back  into  development.  Engineers  must 
correct  any  weakness  in  design  and  opera- 
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Supersonic  "Blow-Down"  wind  tunnel  at  the  Arnold  Engineering  Development  Center,  Tullahoma,  Tennessee, 
one  of  the  six  wind  tunnels  comprising  the  Gas  Dynamics  Facility  of  the  Air  Force.  In  the  foreground  is  the 
720-foot-long  steel  tank  holding  compressed  air  up  4,000  pounds  per  square  foot  from  which  the  tunnel  draws 
its  air  supply.  When  a  valve  in  the  tank  is  opened,  air  blows  down  through  the  tunnel  test  section  located 
in  the  small  building  (center  background)  and  into  the  72-foot  diameter  steel  vacuum  sphere  (left)  which  can  be 
evacuated  down  to  1  /50th  of  an  atmosphere.  By  variation  of  the  evacuation  of  the  sphere  and  the  compres- 
sion of  the  air  in  the  storage  tank,  airflow  speeds  of  approximately  1,000  to  4,000  mph.  can  be  obtained. 
In  the  background  is  the  main  test  and  laboratory  building. 


tion  that  testing  reveals.  Development  is, 
in  fact,  a  continuing  program  that  runs 
through  production  and  on  during  use  itself. 

Following  are  some  specific  subjects  being 
investigated  by  research  and  development 
personnel  as  part  of  a  constant  effort  to  en- 
able the  Air  Force  to  function  as  effectively 
as  possible  anywhere  in  space,  at  all  speeds, 
and  under  all  conditions. 
The  Atmosphere 

The  atmosphere  above  the  altitudes  at 
which  we  now  fly  is  our  last  great  physical 
frontier.  To  go  much  higher,  we  must  know 
more  about  the  upper  air.  At  present  scien- 
tists are  studying  the  regions  above  us  to  find 
out  what  they  are  made  of,  what  their  char- 
acteristics are,  and  what  we  must  do  to  fly  in 
them. 

As  far  as  we  know,  the  atmosphere  that 
surrounds  our  earth  consists  of  four  layers: 
the  troposphere,  seven  to  ten  miles  high :  the 
stratosphere,  reaching  up  about  60  miles: 
the  ionosphere,  spreading  out  about  175  or 
possibly  as  much  as  435  miles;  and  the  exo- 
sphere.  the  fringe  layer  which  may  extend 
1,500  or  even  60.000  miles  into  space. 

Up  to  a  height  of  about  43  miles  the  air  is 
about  78  percent  nitrogen  and  21  percent 
oxygen,  with  about  one  percent  of  other 
gases  such  as  carbon  dioxide  and  helium. 
Dust,  bacteria,  smoke  particles,  salt  crystals, 
and  other  impurities  are  suspended  in  the 
air  in  quantities  ranging  from  .01  percent  to 
about  three  percent.  Water  vapor  enters 
the  air  from  oceans,  lakes,  rivers,  and  vege- 
tation-covered land  areas.  The  air's  mois- 
ture concentration  is  greatest  in  the  tropics. 

At  any  point  the  pressure  of  the  air  is 
equal  to  the  total  weight  of  the  air  above  it. 
At  sea  level  it  is  about  14.67  pounds  per 
square  inch.  The  farther  you  rise  above  the 
earth  the  thinner  the  air  becomes,  and  the 
greater  the  need  for  oxygen  equipment  for 
flyers.  Above  40,000  feet  the  atmospheric 
pressure  is  insufficient  to  force  oxygen  from 
the  lungs  into  the  blood.  Airmen  flying  that 
high  must  use  pressure  breathing  equipment 
or  depend  on  pressurized  cabins. 


In  the  troposphere  the  temperature  cus- 
tomarily drops  about  10°  F  for  each  3,000 
feet  of  ascent.  Recent  investigations  have 
shown  that  the  temperature  in  the  strato- 
sphere varies  greatly  at  different  levels.  It 
rises  to  1,700°  F  in  the  31  to  38  mile  region, 
falls  to  90°  F  at  50  miles,  and  then  climbs 
continuously  in  the  ionosphere.  The  cold 
stratum  in  the  upper  stratosphere  may  be 
the  result  of  a  concentration  of  ozone. 


To  get  our  knowledge  of  the  upper  air 
we  use  two  methods:  (I)  direct  investiga- 
tion— actual  sampling  and  measurement  by 
instruments  carried  in  research  vehicles: 
and  ( 2  indirect  investigation — the  study  of 
observable  atmospheric  displays,  such  as  the 
aurorae,  the  "Light  of  the  Night  Sky." 
meteors,  and  cosmic  rays,  and  the  behavior 
of  sound,  radio,  and  radar  waves  at  various 
levels.  By  applying  physical  laws  to  the  data 
we  derive  from  such  observations,  we  can 
make  deductions  concerning  the  nature  of 
the  phenomena. 

Of  particular  importance  to  us  is  the 
ionosphere,  which  acts  as  a  radio  wave  re- 
flector. The  ionosphere  is  a  region  contain- 
ing ionized  (electrically  charged)  particles, 
whose  ionization  probably  results  from  the 
impact  of  solar  radiation  on  the  earth's 
outer  atmosphere.  The  charged  layers  re- 
flect the  low  frequency  waves  of  radio  and 
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Above  chart  illustrates  the  dangers  as  man  rises  up  and  out  of  the  Earth's  atmosphere,  from 
15,000-20,000  feet  is  the  highest  altitude  where  atmospheric  oxygen  will  sustain  life.  At 
63,000  feet,  blood  boils.  At  80,000  feet,  a  sealed  cabin  with  self-contained  environment  is 
mandatory.  At  1  30,000  feet,  atmospheric  shielding  of  cosmic  rays  ends.  Ninety-nine 
percent  of  the  atmosphere  is  located  below  the  100,000  feet  level.  Above  75  miles  atmos- 
pheric shielding  against  meteors  ends.  Redrawn  with  permission,  from  Air  Force  Magazine, 
March   1958. 
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Captain  J.  M.  Kittinger,  Jr.,  Holloman  Air  Develop- 
ment Center,  New  Mexico  shown  in  the  gondola  of 
the  balloon  in  which  he  made  his  record  ascent  on 
June  2,  1957.  Captain  Kittinger  was  sealed  in  the 
gondola  at  1  a.  m.  and  was  lifted  off  the  ground  at 
6:23  a.  m.  by  the  two-million  cubic-foot  capacity 
balloon.  He  reached  a  peak  atltitude  of  96,000 
feet,  then  a  new  record  for  manned  balloon  craft. 

thus  make  possible  communication  between 
widely  separated  points  on  the  earth's  sur- 
face. The  high  frequency  waves  of  radar 
and  television,  however,  penetrate  the 
layers  and  are  limited  to  line-of-sight  recep- 
tion. Scientists  have  gained  most  of  our 
knowledge  of  the  ionosphere  by  measuring 
the  absorption  and  reflection  of  various 
electromagnetic  waves. 

Scientists  engaged  in  upper-air  research 
are  studying  temperature,  pressure,  air  move- 
ments, ionization,  cosmic  rays,  ultra-violet 
and  X-rays  from  the  sun,  meteors,  the  earth's 
magnetic  field,  and  biological  effects  of  the 
upper  air  on  living  things.  Their  purpose  is 
twofold:  to  extend  knowledge,  and  to  clear 
the  way  for  flight  through  the  stratosphere 
and  beyond. 

The  vehicles  upon  which  the  scientists 
rely  for  upper-air  research  are  aircraft,  bal- 
loons, rockets,  and  satellites.  Aircraft  are 
capable  of  long  flights  with  men  and  heavy 
equipment  on  board,  but  the  altitudes  they 
can  reach  are  relatively  low.  New  plastic 
balloons — free  from  expansion  while  rising, 
easily  launched,   and  capable  of  sustained 
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On  August  20,  1957  Air  Force  Scientist,  Major 
David  G.  Simmons,  set  a  new  record  for  balloonists 
when  he  was  lifted  to  approximately  102,000  feet 
at  Crosby,  Minnesota.  Here  the  launch  crew  is 
waiting  for  the  balloon  to  align  itself  vertically 
above  the  gondola  just  prior  to  launching. 

flight — are  proving  good  research  vehicles 
for  altitudes  around  100,000  feet;  and  they 
may  yet  reach  150,000  feet.  More  impor- 
tant still  are  the  contributions  being  made 
to  meteorological  investigation  by  satellites 
and  rockets.  The  full  potential  of  satellites 
in  this  role  has  not  been  determined.  Ex- 
periments have  shown,  however,  that  al- 
though rockets  provide  valuable  meteorlog- 
ical  data,  they  are  expensive,  do  not  stay  up 
long,  and  are  likely  to  destroy  their  instru- 
ments when  they  come  down. 

One  method  developed  for  recovering 
rocket-borne  instruments  without  damage 
has  been  to  eject  them  by  parachute  after 
the  planned  breakup  of  the  rocket  in  flight. 
To  get  around  the  need  to  recover  equip- 
ment, scientists  have  turned  to  radio  tele- 
metering, the  radio  transmission  of  data 
from  the  rockets  to  the  ground. 

The  efforts  of  the  investigators  to  deter- 
mine the  effects  of  the  atmospheric  condi- 
tions at  high  altitudes  on  seeds,  fungi,  and 
small  animals  sent  aloft  in  balloons,  rockets, 
and  satellites  are  preliminary  to  human  as- 
cent into  the  upper  air. 
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Human    Engineering 

The  demands  that  modern  planes  make 
on  pilots  and  crewmen  have  focused  our 
attention  of  the  problem  of  man  in  relation 
to  his  machines  and  led  to  the  work  of  the 
human  engineers.  The  human  engineers 
try  to  fit  men  to  machines  and  machines  to 
men  by  furnishing  facts  about  operator 
abilities  and  limitations  to  designers,  by  pro- 
viding criteria  for  the  selection  of  flyers,  and 
by  pointing  out  the  techniques  which  can 
reduce  the  strain  of  speed,  altitude,  and 
combat. 

The  human  engineers  have  brought  an 
organized,  scientific  approach  to  operator- 
machine  relationships.  Their  work  has 
value  because  the  trend  toward  automatic 
controls  has  not  necessarily  reduced  the 
need  for  men.  Machines  extend  our  abilities 
and  alter  our  tasks  but  do  not  do  away  with 
us.  They  can  replace  us  only  in  those  activi- 
ties in  which  our  human  frailty  becomes  a 
limiting  factor. 

Since  a  weapon  is  a  man-machine  unit, 
the  human  engineers  work  to  tailor  the 
components  to  each  other.  They  help  fit 
men  to  machines  by  gathering  the  data  for 
selection  and  classification  tests.  These  tests 
cover  physical,  mental,  and  psychological 
qualifications  and  special  aptitudes,  and  also 


make  it  possible  to  predict  the  probable 
degree  of  success  of  individuals  as  pilots, 
bombardiers,  gunners,  etc. 

To  fit  machines  to  men,  the  human  engi- 
neers collect  data  relating  to  men  as  oper- 
ators of  machines,  and  translate  their  find- 
ings into  general  principles  which  designers 
use  for  guidance.  In  particular  they  are 
working  to  establish  a  body  of  such  princi- 
ples regarding  the  size  and  shape  of  controls, 
the  direction  in  which  the  controls  should 
move  for  fast  and  correct  pilot  response, 
and  the  muscular  force  needed  to  move 
them. 

Their  research  activities  extend  to  all  the 
equipment  which  men  use  in  war  and  train- 
ing for  war.  These  investigations  provide, 
for  example,  the  data  needed  for  the  prepa- 
ration of  special  clothing  that  can  give  pro- 
tection against  toxic  fuels,  extremes  of  heat 
and  cold,  fire,  and  other  hazards.  They 
also  supply  biological  information  about 
man  in  relation  to  altitude,  speed,  and 
pressure. 

The  primary  goal  of  human  engineering 
is  the  collection  of  basic  information  about 
men  as  operators  of  machines.  We  need 
research  of  this  kind  to  find  out  more  about 
average  human  capacities  and  limitations, 
human  differences,  and  the  best  ways  to 
allow  for  these  differences. 
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Flight  line  activities  of  the  Air  Force  flight  surgeon 
are  an  important  part  of  his  work.  This  medical 
officer  is  discussing  the  problems  of  flight  and  the 
proper  use  of  personal  equipment  with  the  crew 
members  of  a  Martin  B-57. 


Aviation   Medicine 

Aviation  medicine  takes  its  program  for 
the  future  from  aircraft  and  missile  ad- 
vances. The  physical  and  mental  hazards 
of  flight  that  men  face  today  and  will  face 
tomorrow  are  its  province.  Aviation  medi- 
cine studies  "are  basic  to  the  development  of 
protective  and  survival  equipment  and 
procedures. 

Aero-medical  scientists  seek  to  aid  vision 
by  improving  the  design  of  wind  screens  and 
canopies,  and  by  developing  better  protec- 
tive goggles  and  antiglare  glasses.  In  addi- 
tion, they  try  to  find  out  what  sight  signals 
man  can  see  quickest,  and  then  build  these 
into  instrument  panels.  To  counter  gravi- 
tational forces,  they  have  helped  to  develop 
the  anti-g-suit,  which  applies  pressure  to  the 
body  to  prevent  the  pooling  of  blood  in  its 
lower  parts.  They  have  also  contributed 
to  the  design  of  the  ejection  seat,  a  propel- 
lant  device  that  can  shoot  a  pilot  free  of  a 
high-speed  aircraft. 

High  altitudes  add  to  the  stresses  with 
which  aviation  medicine  must  cope.  For 
night  flight  above  5,000  feet,  and  day  flight 
above  10,000  feet,  use  of  oxygen  equipment 
is  mandatory.     With  a  close-fitting  mask, 
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the  demand  system  of  oxygen  supply  is  ef- 
fective up  to  about  40,000  feet.  Above  that, 
pressure  breathing  equipment  must  be  used 
to  force  the  air  from  the  lungs  into  the  blood 
stream. 

The  pressurized  cabin  is  the  best  answer 
to  the  high-altitude  oxygen  problem,  but 
carries  with  it  the  danger  of  explosive  de- 
compression. For  protection  against  this, 
aero-medics  have  developed  an  altitude 
suit — an  extra  skin  which  goes  on  like  a 
coverall  and  laces  to  the  body.  Air  tubes 
run  down  the  arms  and  legs  of  the  suit. 
These  tubes  attach  to  an  oxygen  supply  and 
can  be  inflated  automatically  or  by  hand. 
Tests  indicate  that  the  suit  may  be  adequate 
for  altitudes  up  to  300,000  feet. 

In  addition  to  the  stresses  of  high  speeds 
and  altitudes,  medical  scientists  are  studying 
the  stresses  incurred  in  crashes  or  ditchings. 
They  are  feeding  the  resulting  data  to  engi- 
neers for  design  purposes  and  are  using  it 
to  develop  protective  procedures  and  devices. 

The  aero-medics  are  also  constantly  study- 
ing the  pathological  and  psychological  fac- 
tors of  flight  and  aerial  combat.  All  of  their 
efforts  are  directed  toward  maintaining  and 
improving  the  health,  safety,  and  proficiency 
of  fliers. 
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Interior  of  a  low-pressure  testing  chamber  designed 
to  simulate  high  altitude  flight  condition.  Airman 
seated  is  wearing  an  MC-4  partial  pressure  suit  and 
is  being  readied  for  a  simulated  ascent.  As  air 
pressure  in  the  cabin  is  reduced,  the  oxygen  assembly 
provide  oxygen  under  pressure  to  the  suit  and 
helmet  in  amounts  proportional  to  the  simulated 
altitude. 

Students  in  the  advanced  course  in  Aviation  Medi- 
cine at  the  Air  Force  School  of  Aviation  Medicine 
receiving  instruction  in  the  operation  of  Air  Force's 
spaceship  simulator  from  Dr.  Hubertus  Strughold, 
Director  of  Space  Medicine  Research.  Cabin  is 
designed  to  approximate  the  physiological  condi- 
tions which  airmen  will  face  in  space  flight. 
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Missiles 

Modern  rocket  warfare  had  its  beginning 
with  the  first  launching  of  the  German  V-2 
against  targets  in  England  during  1944. 
Since  then  the  pace  of  development  has  been 
tremendous,  and  it  is  now  accelerating  al- 
most hour  by  hour.  Guided  and  ballistic 
missiles  in  substantial  numbers  are  already 
part  of  the  military  present,  and  such  mytho- 
logical names  as  Thor,  Jupiter,  Nike,  Atlas, 
and  Titan  have  taken  on  new  meanings  as 
household  words. 

In  spite  of  newspaper  headlines,  rocket 
development  the  world  over  is  blanketed  by 
secrecy.  But  about  one  thing  there  is  open 
and  general  agreement.  No  one  doubts  that 
within  a  few  years  short-range,  intermediate- 
range,  and  intercontinental  offensive  and 
defensive  missiles  will  dominate  human  con- 
flict. The  key  to  future  military  power  lies 
in  the  attainment  of  missile  superiority,  and 
research  and  development  are  therefore 
being  concentrated  to  an  ever  growing  de- 
gree on  the  new  weapons. 

Trends   in    Research  and   Development 

What  has  been  said  so  far  suggests  that 
we  are  in  the  throes  of  building  a  new  Air 
Force.  The  discussion  has  been  pointed 
toward  work  on  the  future:  research  and 
development  to  give  us  new  knowledge  and 
new  weapons;  upper-air  research  to  pave 
the  way  for  flight  through  the  stratosphere 
and  beyond;  human  engineering  to  improve 
the    interworking    of    men    and    machines; 


aero-medical  research  to  solve  the  physical 
and  mental  problems  arising  from  modern 
flight;  and  guided  missiles  to  provide  a  new 
road  to  military  power. 

Summary 

Our  Air  Force  is  always  changing.  At  any 
one  time  we  are  concerned  with  three  Air 
Forces :  ( 1 )  The  Air  Force  in-Being — as  it 
exists  at  the  present,  (2)  the  Interim  Air 
Force — the  force  as  it  will  be  during  the 
transition  period  leading  to  (3)  the  Future 
Air  Force.  To  plan  from  the  present  toward 
the  Air  Force  we  will  need  ten  years  from 
now,  our  planners  must  read  the  trends  and 
decide  what  lines  of  development  and  ad- 
vance offer  the  greatest  promise.  In  their 
planning  they  think  in  terms  of  weapon 
systems — everything  needed  to  get  the 
weapon  to  the  target.  By  weapon  system 
analysis  they  can  estimate  a  proposed  de- 
velopment's total  cost  and  then  come  to  a 
conclusion  as  to  whether  it  offers  the  best, 
most  economical  way  of  doing  a  specific  job. 

The  time  element  is  important  to  all  de- 
velopment planning.  A  new  weapon  may 
take  from  three  to  five  years  or  more  to  go 
through  the  development  and  production 
cycle  and  be  ready  for  use.  The  Joint  Chiefs 
of  Staff  determine  our  general  objectives: 
What  do  we  need?  When  will  we  need  it? 
At  Headquarters  USAF  these  objectives  are 
translated  into  development  planning  goals, 
after  which  the  Air  Research  and  Develop- 
ment Command  carries  out  the  process  of 
realizing  the  goals. 

For  research  and  development  activities 
we  need  men,  money,  and  facilities.  The 
money  comes  largely  from  the  government 
and  from  industry,  which  pour  huge  amounts 
of  tax  funds  or  earnings  into  research 
agencies,  and  military,  university,  industrial, 
and  other  laboratories.  Industry  carries 
most  of  the  burden  of  development. 

For  the  future  we  can  expect  the  present 
lines  of  advance  to  continue.  The  result 
will  be  an  array  of  missiles,  atomic-powered 
craft  for  sea  and  air,  and  rockets  that  reach 
out  into  the  lonely  wastes  of  space. 
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MILITARY  AIRCRAFT 
PROCUREMENT 

The  procurement  of  U.  S.  military  air- 
:raft  is  the  world's  biggest  business.  The 
nodern  combat  aircraft  is  one  of  civiliza- 
ion's  great  technical  triumphs — and  one  of 
ts  costliest.  It  is  costly  because  its  task  is 
>ne  of  extreme  difficulty.  Counterbalanc- 
ng  that  cost  is  the  fact  that  the  airplane 
oday  is  the  chief  guarantor  of  national 
ecurity.  Whether  it  be  for  reasons  of  purse 
>r  policy,  every  citizen  should  have  some 
inderstanding  of  the  enormously  complex 
tnd  vital  activity  called  military  aircraft  pro- 
urement.  This  section  will  attempt  to  fill 
he  need  by  painting  a  broad  picture  of  the 
>rocurement  function. 

United  States  air  power  is  determined  by 
he  Congress.  From  this  single  reality  all  else 
>roceeds.  Public  control  of  government 
pending  is  the  foundation  stone  of  our  polit- 
cal  system.  It  is  simultaneously  the  open 
esame  to  our  war-making  secrets.  Military 
lircraft  procurement  means  dollars.  It  has 
o  do  with  the  number  of  them  made  availa- 
)le,  the  way  they  are  spent,  and  what  the 
;ervices  get  in  return  for  them.  Dollars  and 
vhat  is  done  with  them  are  the  key  to  the 
itatus  of  U.  S.  military  air  power. 

In  military  aircraft  production,  as  in  every 
ictivity,  the  armed  services  are  called  upon 
ilmost  daily  to  explain  where  the  money 
^oes.  The  average  citizen,  rightly  conscious 
)f  his  shrinking  pocketbook,  tends  to  point 


to  the  high  cost  of  current  military  aircraft 
as  the  culprit.  Actually,  the  culprit  is  not 
the  airplane  itself  but  rather  high  altitude, 
high  speed,  and  radar.  These  three  have 
driven  up  costs,  compounded  complexity, 
and  stretched  production  items.  Lurking  in 
the  more  immediate  foreground  is  the  po- 
tential enemy  who  has  aided  and  abetted 
these  culprits  at  every  turn.  He  has  made  it 
clear  that  his  bombers  will  be  capable  of  at- 
tacking this  country  at  altitudes  of  50  to  60 
thousand  feet  or  more.  He  has  also  made  it 
clear  that  they  will  be  able  to  attack  at  high 
speed  and  see  their  targets  regardless  of 
weather.  To  turn  back  such  a  possible  as- 
sault, this  country  must  have  fighters  capable 
of  flying  higher,  flying  faster,  and  seeing  bet- 
ter than  the  enemy's  bombers.  The  nation 
must  also  have  bombers  capable  of  attacking 
his  cities  from  still  higher  altitudes,  at  higher 
speeds,  and  at  longer  ranges.  Of  such  sim- 
ple realities  are  the  current  combat  aircraft 
design,  development,  and  production  prob- 
lems compounded.  Remove  the  require- 
ments imposed  by  the  threat  to  us,  and  the 
cost  of  doing  business  in  the  air  will  drop  by 
90  percent. 

It  would  be  nice  to  be  able  to  place  an  or- 
der at  one  end  of  the  procurement  system, 
forget  about  it,  and  then  pick  up  the  finished 
product  at  the  other  end.  Aircraft  produc- 
tion takes  far  more  than  that.  In  recent 
years  the  whole  production  system  has  had 
to  be  thoroughly  overhauled  and  greatly  ex- 
panded.   Just  as  the  nature  of  aircraft  has 


103 


changed,  so  too  has  the  nature  of  the  equip- 
ment and  methods  used  in  its  production. 
High  strength  alloys  require  tougher  drills, 
bigger  presses,  and  stronger  shears.  Since 
the  load  on  the  tapered  aircraft  wing  lessens 
toward  its  tip,  so  too  does  the  wing  skin 
thickness.  The  new  wing  needs  either  ma- 
chine or  roll  taper  skin  plating.  These  thin 
tapered  skins  require  both  new  tools  and 
entirely  new  plants  for  their  production. 

The  aircraft  buying  function  involves  the 
talents  and  efforts  of  tens  of  thousands  of  ex- 
perts in  industry  and  in  government.  The 
buying  function  simultaneously  creates  the 
selling  function,  and  still  more  tens  of  thou- 
sands of  salesmen  are  part  of  the  procure- 
ment team.  In  the  background  of  the  avia- 
tion procurement  effort,  however,  is  the  real 
buyer  of  everything  that  goes  aloft  in  the  air- 
plane, the  engineer.  Until  a  product  is  made 
a  part  of  the  aircraft  design,  until  it  is  speci- 
fied on  a  drawing,  and  until  it  has  been  in- 
corporated in  an  operating  system  within  the 
airplane,  it  is  only  a  conversation  piece  be- 
tween the  buyer  and  the  salesman.  Prob- 
lems of  price,  delivery  date,  supplier  selec- 
tion, shipping,  insurance,  guarantees,  receiv- 
ing, inspection,  and  warranty  provisions — 
all  these  things  and  a  host  of  others  are  vital 
purchasing  matters  for  industry  and  the  gov- 
ernment. But  none  of  them  is  fundamental. 
What  counts  is  the  decision  to  use  an  item. 
That  decision  is  the  sole  responsibility  of  the 
engineer,  the  real  buyer  of  the  aircraft. 

The  task  of  Air  Force  procurement  is 
vested  in  the  Air  Materiel  Command 
(AMC).  Before  1951  this  command  was 
also  responsible  for  all  Air  Force  research 
and  development.  In  May,  1951,  however, 
there  came  a  basic  change.  It  was  designed 
to  enable  AMC  to  concentrate  on  improving 
the  quality  of  materiel,  and  also  to  permit 
increased  emphasis  on  the  research  and  de- 
velopment process.  Under  the  reorganiza- 
tion plan  AMC's  research  and  development 
function  went  to  the  new  Air  Research  and 
Development  Command. 

It  has  been  said  that  the  heart  of  the  U.  S. 
Air  Force  is  the  Air  Materiel  Command, 


with  headquarters  at  Dayton,  Ohio.  It  fur- 
nishes logistic  support  for  the  USAF  and  for 
all  allied  air  forces  using  United  States  air- 
craft. Because  of  the  size  of  its  job,  AMC 
spends  more  money  than  any  other  single 
organization  in  the  nation.  To  understand 
AMC  it  is  necessary  to  understand  what  it 
does  and  how  important  it  is  to  all  industry. 
It  has  become  so  big  a  business  that  its  activi- 
ties affect  the  economy  of  the  entire  nation. 
Because  the  Air  Force  receives  the  largest 
appropriation  of  any  of  the  military  services, 
and  because  AMC  spends  the  money,  the 
command  inevitably  has  a  far-reaching  in- 
fluence. It  can  stunt  or  feed  inflation,  raise 
taxes  or  hold  them  to  current  levels,  and  give 
the  nation  an  effective  defense  or  render  it 
helpless. 

Few  people  outside  the  Air  Force  have  a 
very  clear  picture  of  how  the  requirements 
for  new  aviation  equipment  are  established 
and  the  winding  trail  which  they  follow  from 
the  originators  to  the  Air  Materiel  Com- 
mand, which  does  the  actual  purchasing. 
To  get  this  picture  and  understand  its  com- 
plexities, it  helps  to  have  some  grasp  of  the 
weapon  system  plan  which  the  Air  Force 
now  uses.  Briefly,  this  is  a  requirement 
planning  concept  which  provides  for  the 
coordination  of  all  the  items  which  go  to 
make  up  a  complete  aircraft  or  major  piece 
of  ground  or  airborne  equipment.  Into 
these  weapon  system  plans  are  fitted  the 
requirements  for  tomorrow's  combat  and 
supporting  equipment  that  stem  from  the 
user  organizations  of  the  Air  Force.  Pilots 
and  ground  crews,  the  operational  personnel 
in  the  field,  are  the  first  to  see  the  inade- 
quacies of  today's  equipment  and  to  want 
improvements.  Their  observations  funnel 
into  USAF  Headquarters  in  Washington  to 
be  translated  into  new  requirements. 

Most  of  the  principal  U.  S.  aircraft  manu- 
facturers keep  a  staff  of  technical  represen- 
tatives in  the  field  with  their  equipment. 
Their  task  is  not  only  to  trouble-shoot  but 
also  to  observe  new  requirement  trends  so 
that  the  manufacturers  can  keep  up  with 
operational     thinking     about     tomorrow's 
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equipment.  In  many  cases  the  industry  is 
in  a  position  to  suggest  future  requirements 
as  a  result  of  its  follow-ups  in  the  field. 

The  Procurement  Division  of  AMC  does 
the  actual  buying  for  the  Air  Force.  In  the 
Procurement  Division  can  be  found  a  num- 
ber of  subordinate  organizations,  each  re- 
sponsible for  purchasing  a  certain  group  or 
groups  of  Air  Force  equipment.  In  order 
that  the  Air  Force  may  be  physically  close 
to  the  actual  work  being  performed  by  in- 
dustry', contract  administration  has  been 
delegated  to  the  commanders  of  the  six  air 
procurement  districts,  each  of  which  is  an 
organization  within  the  Air  Materiel  Com- 
mand reporting  directly  to  the  Commander, 
AMC.  These  procurement  districts  in  turn 
have  jurisdiction  over  more  than  twenty  re- 
gional offices  located  in  industrial  centers  of 
the  United  States,  and  also  over  a  number 
of  Air  Force  plant  representatives  located  at 


the  larger  airplane  and  related  manufactur- 
ing plants. 

Taking  a  cue  from  private  industry,  AMC 
has  decentralized  its  program.  There  has 
Deen  a  farming  out  of  more  than  200  classes 
of  Air  Force  property,  above  five  billion 
dollars  of  funds,  and  350  tons  of  records. 
The  program  places  with  AMC  depots  what 
is,  in  some  cases,  complete  responsibility  for 
commodities  they  handle —  including  pro- 
curement, storage,  shipping,  and  mainte- 
nance. It  puts  all  the  persons  concerned 
with  one  item  in  one  place.  This  makes  life 
easier  for  those  doing  business  with  the  Air 
Force,  and  saves  the  government  millions  of 
dollars  in  time  and  telephone  calls  alone. 
Decentralization  also  leaves  AMC  head- 
quarters free  to  do  a  better  planning  and 
management  job  for  an  organization  that 
towers  over  any  buyer  and  supplier  in  the 
nation. 
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The  Aircraft  Industry 


)RIGIN   AND   DEVELOPMENT1 

The  modern  aircraft  industry  may  be  said  to  have  had  its 
beginning  in  a  Dayton,  Ohio,  bicycle  shop,  where  the  Wright 
Drothers  designed  and  partially  built  their  first  heavier-than-air  ma- 
rine. The  achievement  of  powered,  sustained,  and  controlled  flight, 
lowever,  was  too  significant  for  production  of  the  new  vehicle  to 
remain  in  the  narrow  confines  of  a  bicycle  shop,  or,  for  that  matter, 
iny  single  shop.  Within  the  United  States  the  Wright  brothers, 
Alexander  Graham  Bell,  Glenn  H.  Curtiss,  and  Glenn  L.  Martin 
laid  the  foundations  of  the  American  aircraft  industry.  From  a 
nodest  beginning  in  1909  of  three  companies  employing  a  handful 
}f  people,  the  United  States  aircraft  industry  had  grown,  by  the 
Golden  Anniversary  of  Flight  in  1953,  to  be  the  second  largest  manu- 
facturing enterprise  in  the  land.  By  that  year  the  aircraft  manufac- 
turing industry  alone,  not  to  mention  a  host  of  allied  industries  on 
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Wright  Brothers  bicycle  shop  at  Dayton,  Ohio,  birthplace 

which  it  depends  for  a  large  share  of  the 
equipment  which  goes  into  a  modern  air- 
craft, employed  750,000  people.  The  best 
index  of  the  industry's  importance  however 
is  its  product— military  and  civil  airplanes 
and  missiles.  Upon  the  quality  and  number 
of  planes  and  rockets  designed  and  produced, 
America  depends  today  for  its  survival. 

Military  Impact  on  Aircraft  Development 

As  now,  so  in  the  early  years  of  the  20th 
century,  governments  spurred  research  on 
heavier-than-air  machines  because  of  their 
military  usefulness.  The  first  sale  by  the 
Wright  brothers  to  the  United  States  Army 
was  in  1908.  The  American  Government 
nevertheless  lagged  far  behind  France,  Ger- 
many, and  Britain — the  great  powers  which 


of  African  aircraft  industry. 
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donnated  the  world  politics  of  that  era. 
For  sample,  while  the  Federal  Government 
sp<  $500,000  to  foster  the  infant  aircraft 
in<  try,  the  German  Government  expended 
o\  )0  times  that  sum  during  the  same  pe- 
ri  1908-1913).  France,  of  course,  led 
all  ie  world  in  aeronautical  activity,  devel- 
opient,  and  production. 

here  the  aircraft  industry  was  led  by 
su  ■  pioneers  in  aviation  as  Ernest  Arch- 
df  on.  Charles  and  Gabriel  Voisin.  Louis 
Bl.iot,  Henry  Farman.  and  Charles  and 
Ecvard  Nieuport.  It  received  ready  back- 
in  from  both  government  and  private  capi- 
t;.  unlike  its  American  counterpart.2 


1  Material  in  this  section  is  derived  primarily 
from  "A  History  of  the  United  States  Air  Force — 
1907-57",  Air  Force,  Vol.  40  (Aug  57) . 


American  aircraft  producers  found  tt  difficd 
,    xtract  large  sums  of  money  from  private :  cap 
•       The  patent  infringement  claims,  initiate". 
Wright  brothers,  and.  the  seemingly  end 
.„  over  patent  rights  made  many  mft* 
.    althy  well-wishers  warv  of  investing 
ney  in  aircraft  production  plants. 
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British  were  slower  than  the  French  to  be- 
come convinced  of  the  practicability  of 
heavier-than-air  flight.  Nevertheless,  almost 
from  the  beginning  of  powered  flight,  a  few 
men  of  vision  saw  the  importance  of  the  in- 
vention and  recognized  its  war-time  threat 
to  Great  Britain's  island  position.3 

In  the  United  States  the  outbreak  of  war 
in  1914  saw  16  aircraft  producers  of  suffi- 
cient importance  to  be  included  in  the 
Census  of  Manufacturers. 

The  U.  S.  Aircraft  Industry  in  the 
First  World  War 

When  the  United  States  entered  the  war 
in  1917,  the  Air  Service,  as  the  military  air 
force  was  then  called,  had  less  than  250 
aircraft.  Not  one  was  suitable  for  combat 
service.     In   1916  nine  aircraft  companies 


3  Lord  Montague  in  Parliament  and  Lord 
Morthcliffe,  through  his  newspaper,  the  Daily 
Mail,  sought  to  warn  the  public  of  the  danger. 
Lord  Northcliffe  offered  sizeable  awards,  such  as 
1,000  (British)  pounds  for  the  first  flight  across 
the  channel,  and  10,000  (British)  pounds  for  the 
first  flight  between  London  and  Manchester,  as 
i  means  toward  subsidizing  the  British  aircraft 
industry.  Although  no  plane  of  British  design  or 
manufacture  won  either  of  these  two  prizes,  these 
awards  and  others  spurred  an  interest  in  aircraft 
production  in  Great  Britain. 


Glenn  H.  Curtiss,  pioneer  aviation  enthusiast  and 
later  a  leading  aircraft  manufacturer,  in  front  of  one 
of  his  early  planes.  He  founded  the  Curtiss  Com- 
pany, which  in  1929  combined  with  the  Wright 
Aeronautical  to  become  the  Curtiss-Wright  Cor- 
poration. 

had  delivered  to  the  Army  only  64  out  of 
336  aircraft  ordered.  Furthermore,  the  per- 
formance of  these  airplanes  compared  un- 
favorably with  that  of  European  models. 
Yet,  enchanted  by  the  vision  of  a  vast  Ameri- 
can air  armada  which  would  make  our  might 
immediately  felt  in  the  theater  of  war,  Con- 
gress passed  in  15  days  an  act  appropriating 
$640  million  for  aeronautics.  This  amount 
was  the  largest  sum  appropriated  for  a  sin- 
gle purpose  up  to  that  time. 

Yet  years  of  neglect  could  not  be  speedily 
compensated  for  by  dollars  alone.  From  the 
first  Wright  airplane  in  1903  through  1916, 


Plane  which  Glenn  Curtiss  flew  from  Albany  to  New  York  on  May  20,  1910.     For  the  flight,  floats  were  used 

___  in  place  of  the  hydrosurfaces  shown  in  the  photograph. 

^^^  U.S.  Air  Force  Photo 
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the  American  aircraft  industry  had  produced 
less  than  1,000  military  and  civil  airplanes. 
In  the  summer  of  1917,  the  War  Department, 
disregarding  the  advice  of  the  National  Ad- 
visory Council  on  Aeronautics,  called  for  the 
production  of  22,000  aircraft  in  one  year, 
the  equivalent  of  17,600  more  aircraft  in 
spare  parts,  and  44,000  engines.  These  un- 
warranted hopes  were  soon  dashed  as  the 
production  program  fell  far  behind  schedule. 

The  greatest  problem  proved  to  be  the  pro- 
duction of  combat  planes  fit  for  use  in  Eu- 
rope. As  an  Air  Force  historian,  Alfred 
Goldberg,  observed,  "None  had  ever  been 
produced  in  this  country,  and  no  one  had 
the  technical  knowledge  to  do  it  quickly. 
There  were  not  even  any  designs  for  such 
planes.  The  greatest  deficiency  was  in  en- 
gines." The  United  States  in  1917  did  not 
produce  a  single  power  plant  that  combined 
the  qualities  of  light  weight  and  high  power 
required  for  combat  aircraft. 

Consequently  the  United  States  had  to 
turn  to  its  Allies  for  planes  to  equip  its  units 
at  the  front  and  for  the  technical  knowledge 
that  would  enable  it  to  produce  combat 
planes  for  itself.  Without  such  assistance, 
the  U.  S.  Air  Service  would  not  have  been 
able  to  make  the  gallant,  albeit  brief,  combat 
record  that  it  did.  Nine  types  of  Allied 
planes  were  bought  for  use  by  U.  S.  air 
units. 

After  much  discussion  the  Americans  de- 
cided to  produce  the  de  Havilland  4 
(DH-4) ,  a  two-place  reconnaissance  bomber 
of  English  design,  in  the  United  States. 
Though  U.  S.  companies  later  placed  the 
British  Handley-Page  bomber  and  the  Italian 
Caproni   bomber   in    production,   only   the 
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World    War   I    DeHaviland    DH-4    reconnaissance 
bomber. 
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British  Handley  Page  bomber.  Though  placed  in 
production  by  American  firms  during  World  War  I, 
only  a  few  of  these  planes  were  produced  by  the 
end  of  the  war. 

DH-4  was  produced  in  quantity.  Manufac- 
ture of  other  European  models  was  contem- 
plated and  even  undertaken,  but  none  actu- 
ally reached  the  production  stage  prior  to  the 
Armistice.  The  only  American-designed 
combat  plane  developed  during  the  war  was 
the  two-engined  Martin  bomber,  built 
around  the  American  Liberty  engine. 

Although  this  plane  failed  to  get  beyond 
the  developmental  stage  in  1918,  it  became 
the  standard  bomber  of  the  Air  Service  in 
the  early  1920's. 

DH-4  production  rose  from  a  mere  15  in 
April  1918  to  1.097  in  October.  Well  over 
3,000  DH-4's  were  manufactured  before  the 
Armistice.     To  these  may  be  added  about 


Italian  designed  Caproni  night  bomber  built  in  the  United  States  during  World  War  I.        u.  S.  Air  Forcj 


,800  training  planes — mostly  the  famous 
-N's  or  Jennies — and  a  few  hundred  com- 
at-type  planes  other  than  the  DH-4.  Al- 
lost  all  aircraft  in  the  latter  category  were 
xperimental  or  test  models.  Thus  over 
1,000  planes  were  produced  in  all. 

American  aircraft  production  nevertheless 
^as  a  failure,  if  judged  by  original  goals  and 
romises.  But,  when  compared  with  air- 
raft  production  of  other  belligerents,  it  was 
substantial  achievement.  During  19 
lonths  of  war,  the  United  States  produced 
0  percent  more  aircraft  than  did  Great 
ritain  during  her  first  31  months  of  war — 
nd  Great  Britain  was  the  largest  Allied 
roducer. 

Considering  the  initial  lack  of  a  good  mili- 
ary aircraft  power  plant,  it  is  a  paradox  that 
ie  outstanding  contribution  of  the  United 
tates  to  aeronautical  development  during 
ie  war  was  the  Liberty  engine.  Although 
ie  United  States  employed  nine  types  of 
)reign  aircraft  and  even  began  to  produce 
)me  Allied  engines,  the  Allied  Powers  soon 
>oked  to  the  American  Liberty  engine  as 
ie  type  preferred  in  their  own  planes. 
Lgainst  44,000  ordered,  engine  makers 
lrned  out  32,000  units.  Almost  one-half 
f  these  were  Liberty  engines. 


Inter-War  Fluctuations 

Only  a  few  days  before  the  Armistice, 
military  orders  for  13,000  aircraft  and  20,000 
engines  were  cancelled.  Ninety  percent  of 
the  war-swollen  aircraft  industry  vanished 
from  the  industrial  scene  by  1920,  and  the 
survivors  saw  only  a  bleak  existence  immedi- 
ately ahead.  The  disposal  of  surplus  air- 
planes and  equipment  further  depressed  the 
civilian  market.  Annual  production  capac- 
ity shrank  from  approximately  21,000  air- 
planes at  the  end  of  the  war  to  an  estimated 
500  to  1,200  in  1925. 

In  the  mid-twenties  the  Morrow  Board 
was  appointed  by  President  Coolidge  to 
study  national  aviation  policy.  It  placed 
major  stress  on  the  civil  aspect  of  aviation, 
as  we  shall  see  in  the  airlines  chapter.  Never- 
theless, its  recommendations  led  to  the  pas- 
sage of  the  Five  Year  Program  Acts  of  1926, 
under  which  the  Army  and  Navy  received 
increased  appropriations  for  aircraft.  In  the 
next  year  Charles  A.  Lindbergh's  sensational 
non-stop  flight  from  New  York  to  Paris 
touched  off  a  wave  of  aeronautical  enthusi- 
asm. New  aircraft  plants  were  formed  with 
the  sudden  influx  of  capital ;  established  air- 
craft and  airline  firms  merged  to  increase 
their  operating  efficiency;  and  the  names  of 


Drawing  of  the  American  Liberty  engine.     It  had  12  cylinders  and  developed  400  horse  power. 
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Colonel  Charles  A.  Lindbergh. 


aircraft,  which  had  been  authorized  under 
the  five  year  procurement  plan.  However, 
the  U.  S.  aircraft  industry  began  to  revive, 
even  before  the  clouds  of  war  darkened  over 
Europe.  As  we  shall  see  in  the  next  chap- 
ter, the  industry's  development  of  economi- 
cally self-sustaining  airliners  in  the  early 
1930's  contributed  significantly  to  the  rapid 
growth  of  airline  passenger  traffic;  this  in 
turn  meant  more  airline  business  for  the  air- 
craft producers. 

Though  growth  of  the  aircraft  industry  in 
the  United  States  was  steady  after  1932,  it 
was  accelerated  around  1935  as  general  re- 
armament began  throughout  the  world. 
Military  aircraft  orders  increased,  and  for- 
eign markets  for  American  commercial  air- 
planes expanded  at  the  same  time.  Even 
though  the  Army  Air  Corps  had  only  300 


Lindbergh's  non-stop  flight  from  New  York  to  Paris  created  great  enthusiasm  for  aeronautics  and  led  to  great 

expansion  of  the  American  aircraft  industry. 


new  holding  companies  appeared  across  the 
nation.  In  the  next  two  years  the  aircraft 
industry  expanded  rapidly  and  hiked  the 
number  of  people  on  its  payroll  to  1 00,000. 4 

The  history  of  the  decade  after  1929  may 
be  summarized  in  three  words:  depression, 
rearmament,  and  technological  advance. 
With  the  onslaught  of  the  Great  Depression, 
annual  U.  S.  production  dropped  from  over 
6,000  aircraft  in  1929  to  hardly  more  than 
1,000  in  1933.  Congress  also  stopped  appro- 
priations for  completion  of   1,800  military 


4  Aircraft  Industries  Association,  The  Aircraft 
Industry,  1908—1958  [mimeo.]  (Washington: 
n.  d.),  p.  3. 


combat-ready  aircraft  in  1936  and  the  United 
States  ranked  but  sixth  among  world  powers 
in  combat  aircraft  strength  in  1937,  the  air- 
craft industry  as  a  whole  was  considered  by 
U.  S.  authorities  to  be  at  least  18  months 
ahead  of  any  foreign  competitor  in  plant 
facilities. 

Impact  of  the  Second   World   War 

The  rate  of  industrial  expansion  increased 
still  further  in  1938  and  1939  as  a  result  of 
French  and  British  orders  for  United  States 
military  aircraft.  In  January  1939,  Presi- 
dent Roosevelt  asked  Congress  to  provide 
the  Army  Air  Corps  with  6,000  aircraft  at  an 
estimated  cost  of  $4  million.     At  that  time 
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there  were  roughly  100  industries  associated 
with  the  manufacture  of  aircraft  and  their 
combined  monthly  production  capacity 
amounted  to  500  planes.  In  relation  to 
other  American  industries,  aircraft  manu- 
facturing ranked  44th  in  value  of  product. 
In  May  1940,  as  France  reeled  under  the 
blows  of  Nazi  dive  bombers  and  tanks,  Presi- 
dent Roosevelt  called  on  the  aircraft  indus- 
try to  gear  itself  to  produce  at  least  50,000 
airplanes  a  year.  This  was  more  than  the  in- 
dustry had  made  in  its  entire  history.  In 
1944  American  aircraft  industries  produced 
almost  double  this  number.  During  the  Sec- 
ond World  War  they  manufactured  approxi- 
mately 300,000  aircraft  for  the  armed  forces. 
Eleven  leading  companies  produced  over 
three-quarters  of  this  total.  Aircraft  manu- 
facturing had  now  risen  from  a  relatively 
minor  position  among  United  States  indus- 
tries to  become  the  largest  in  terms  of  annual 
value  of  product. 

Industrial   Mobilization   Planning   by 
Air   Force   and   Industry 

After  the  war  was  over,  the  Air  Force  be- 
gan to  draw  up  industrial  mobilization  plans 
to  speed  the  process  of  aircraft  plant  con- 
version to  military  production  in  the  event 
of  future  emergencies.  Profiting  from  their 
prewar  and  wartime  experience,  Air  Force 
officers  contacted  aircraft  manufacturers 
and  requested  advice  on  ways  and  means  of 
reducing  the  time  element  between  the  start 
of  a  future  mobilization  effort  and  peak  pro- 
duction. Leaders  and  plant  managers  indi- 
cated the  materials,  machinery,  men,  and 
plant  facilities  that  would  be  needed  under 
the  above  conditions.  They  based  their  plans 
for  volume  emergency  production  on  the 
maintenance  of  a  stable  aircraft  industry. 
Upon  this  base,  large  scale  military  produc- 
tion was  to  be  achieved  by  changing  manu- 
facturing methods,  modernizing  machinery, 
and  buying  new  tools.  Technological  ad- 
vances made  during  World  War  II  were 
fitted  into  their  plans.    Later,  under  the  pro- 


visions of  the  National  Reserve  Act  of  1948, 
a  military  reserve  of  important  government- 
owned  facilities  was  established;  in  addition, 
other  plants  and  facilities  built  at  govern- 
ment expense  were  sold  or  leased  with  the 
understanding  that  they  could  be  used  by  the 
Air  Force  in  the  event  of  war.  In  regard  to 
the  latter  category,  the  current  owners  were 
required  to  keep  the  plant  on  a  "standby" 
alert  for  reconversion  to  wartime  production 
on  four  months  notice.  Furthermore,  the 
Department  of  Defense  in  1947-48  began 
allotting  key  industrial  plants  among  the 
three  services.  On  the  basis  of  its  mobiliza- 
tion plan,  the  Air  Force  began  compiling  ten- 
tative production  schedules  with  the  plant 
managers  of  the  industries  within  its  juris- 
diction. Under  this  system,  the  aircraft  in- 
dustry learned  what  it  was  to  produce  and 
the  Air  Force  found  out  what  the  industry 
required  in  the  way  of  facilities  to  meet  its 
goals. 

The  wisdom  of  these  procedures  was  real- 
ized during  the  Korean  War.  One  year  after 
the  beginning  of  hostilities,  92  percent  of  the 
standby  facilities  were  in  operation  on  a  war- 
time basis  for  the  Air  Force.  In  addition  to 
the  standby  plants,  the  Air  Force  was  re- 
quired to  build  new  facilities  and  enlarge 
existing  ones.  Congress  assisted  by  appro- 
priating $2.2  billion  for  purchases  of  land, 
buildings,  and  machine  tools  by  manufac- 
turers who  were  financially  unable  to  bear 
this  expense.  The  service  utilized  $2  billion 
of  this  amount  and  kept  the  remaining  funds 
for  additional  plant  expansion.  The  govern- 
ment, in  addition,  provided  incentives  to 
manufacturers  to  employ  their  own  capital 
in  the  expansion  process. 

After  the  Korean  War,  however,  the  Air 
Force  found  that  it  needed  to  retain  in  cur- 
rent production  only  those  plants  which 
could  lend  themselves  to  the  development  of 
new  types  of  weapons  and  equipment.  Air- 
craft plants  no  longer  essential  to  military 
production  were  allowed  to  convert  to  civil- 
ian manufacturing;  others  were  put  on  a 
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standby  notice.  Government-owned  plants 
not  required  for  mobilization  were  sold  out- 
right. The  aircraft  plants  retained  by  the 
Air  Force  were  those  which  were  especially 
adapted  for  development  activities  and  capa- 
ble of  rapid  expansion  in  production. 

In  January  1954  the  Air  Force  stream- 
lined the  production  allocation  program  to 
fit  the  needs  of  the  jetomic  age.  It  concen- 
trated on  allocating  the  production  of  critical 
items  and  components  that  were  likely  to  be- 
come bottlenecks  in  time  of  mobilization. 
Items  which  could  be  readily  purchased  on 
the  open  market  or  easily  manufactured 
were  eliminated.  Precautions  were  also 
taken  to  insure  that  more  than  one  source 


of  supply  existed  for  each  item  and  that  the 
suppliers  were  geographically  dispersed.  In 
case  of  a  general  war,  American  industry 
planned  to  deliver  all  critical  equipment 
within  the  first  60  to  90  days  after  hostilities 
broke  out. 

Production  After  the  Second  World  War 

The  years  immediately  following  the  war 
nevertheless  saw  military  orders  for  aircraft 
drastically  curtailed.  Aircraft  producers 
faced  a  crisis  situation.  This  development  in 
turn  undermined  the  entire  mobilization 
plan  of  the  Air  Force.  Simultaneously, 
many  contractors  converted  to  the  produc- 
tion of  consumer  goods  and  showed  little 
enthusiasm  for  returning  to  military  produc- 
tion. 

The  experience  of  North  American  Avia- 


tion, Inc.,  illustrates  the  plight  of  aircraft 
companies  after  the  war.  Immediately 
prior  to  the  Japanese  surrender  in  August 
1945,  North  American  had  unfilled  orders 
on  its  books  for  more  than  8,000  airplanes. 
Within  24  hours  90  percent  of  these  orders 
were  cancelled.  Three  months  later  the 
company  had  unfilled  orders  for  only  24  air- 
planes. With  less  than  5,000  people  on  the 
payroll  in  1946,  employment  at  North  Amer- 
ican fell  to  a  postwar  low.5 

The  cancellation  of  government  orders  for 
military  aircraft  at  the  end  of  World  War  II 
left  aircraft  industries  in  a  precarious  posi- 
tion. Manufacturers  delivered  approxi- 
mately 1,500  military  airplanes  to  the  gov- 
ernment in  1946  as  contrasted  to  1,800  in 
1936,  the  last  normal  prewar  year,  and  96,000 
in  1944,  the  peak  wartime  year.6  In  1948, 
Congress  granted  almost  $2  billion  to  the 
Air  Force  to  meet  the  needs  of  the  first  year 
of  a  new  five-year  aircraft  purchasing  pro- 
gram. It  was  set  up  as  a  result  of  reports  by 
the  Congressional  Aviation  Policy  Board  and 
the  President's  Air  Policy  Commission. 

Hardly  had  the  program  begun  when  the 
Air  Force  was  compelled  to  halt  its  spending 
in  December  1948,  owing  to  the  prospect  of 
reduced  funds  in  the  future.  It  had  to  cut 
back  its  planned  strength  from  70  to  48 
groups. 

With  the  outbreak  of  the  Korean  War  in 
June  1950,  the  Air  Force  readjusted  its  goals 
upward  to  90  wings.7  One  year  later,  it 
planned  to  spend  approximately  $6.86 
billion   of  its   new    fiscal   year    1952   funds 


5  United  States,  House  of  Representatives,  84th 
Congress,  Second  Session,  Aircraft  Production 
Costs  and  Profits,  Hearings  before  the  sub- 
committee for  Special  Investigations  of  the  Com- 
mittee on  Armed  services  (Washington:  1956), 
p.  1389. 

6  Aircraft  Industries  Association,  op.  cit., 
pp.  5-6. 

'  For  the  purposes  of  our  discussion,  the  terms 
group  and  wing  may  be  used  interchangeably. 
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PPROPRIATIONS    AND     EXPENDI- 
TURES FOR  MILITARY  AVIATION, 

1944-57 

[Millions  of  dollars] 


U.  S.  Air  Force 

Fiscal  year 

Total  cash 
appropria- 
tions 

Expenditures 

944 

945        

23,  656.  0 

1,610.7 

.  5 

1.200.0 

|         ■  608.  1 

1            829.  8 

939.8 

4.  139.4 

15.791.  1 

22,  979.  0 

22.081.7 

11.410.  5 

11.637.  1 

15,490.  1 

15,430.0 

13.087.7 
11.  357.4 

946 

2.519.  4 

947 

948 

949    

854.  3 
1.  199.  1 
1.830.7 

950 

3.  669.  1 

951 

6,  549.  4 

952    

12,  594.  9 

953 

954 

15,267.8 
15,  539.6 

955 

15,  536.8 

956E. . 

15,  988.0 

957E.. 

16.  545.0 

N.A. — Not  available. 
E — Estimate. 

8  FY  1949  Construction  of  Aircraft  and  Related 
'rocurement  appropriation  enacted  in  FY  1948. 

Sources:  4,  8,  49,  82. 

:o  purchase  5,600  airplanes.  In  late  1951, 
lowever,  the  National  Security  Council  de- 
rided that  143  wings  were  required  to  pro- 
vide the  air  power  necessary  to  assure  ade- 
quate national  defense;  this  force  was  to  be 
Duilt  by  1955.  To  meet  these  goals  the  Air 
Force  earmarked  $7.4  billion  of  its  fiscal 
^ear  1953  funds  for  the  purchase  of  over 
5,000  aircraft. 


Although  plans  for  the  size  of  the  air  arm 
fluctuated  during  the  early  'fifties,  the  air- 
craft industry  was  able  to  increase  produc- 
tion five-fold.  In  late  1952  these  manufac- 
turers were  producing  650  planes  a  month 
as  compared  to  130  per  month  two  years 
earlier.  During  the  first  half  of  1953,  more 
than  4,000  airplanes  were  delivered. 

The  first  prototype  of  the  F-84F  fighter- 
bomber  was  successfully  flown  in  June  1950, 
just  prior  to  the  outbreak  of  hostilities.  Less 
than  a  month  later,  the  Air  Force  awarded 
the  initial  contract  to  Republic  Aviation  Cor- 
poration. Twenty-nine  months  later,  in  No- 
vember 1952,  the  company  delivered  the 
first  Thunderjet  to  the  Air  Force. 

The  end  of  open  conflict  in  Korea  saw 
planned  Air  Force  strength  drop  from  143 
wings  to  120,  and  then  rise  to  137.  As  a 
result,  the  service  cut  its  orders  for  trainers, 
transports,  and  supporting  aircraft.  With 
the  stretchout  of  aircraft  production  sched- 
ules, output  remained  stable  during  the  lat- 
ter part  of  1954,  declined  in  1955,  and  leveled 
off  in  1956. 

The  introduction  of  guided  missiles  called 
for  the  expenditure  of  funds  at  the  expense 
of  airframes.  Individual  companies  soon 
felt  the  effects  of  this  decline  in  aircraft  de- 
liveries. During  the  fiscal  year  1956  8  the 
Air  Force  released  more  than  $8  billion  for 
procurement,  one-fifth  of  which  was  spent 
for  missiles. 

With  the  great  advances  in  technology 
since  World  War  II,  air  vehicles  have  be- 
come more  difficult  to  build.    Reciprocating 


1  July  1955-30  June  1956. 


Republic  F-84  Thunderjet  fighter-bomber. 
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B-47  assembly  line  operations  at  Boeing  Aircraft  Plant,  Wichita,  Kansas 


U.  S.  Air  Force 


engines  and  airframes  of  light  sheet  metal 
have  been  replaced  in  large  part  by  jet  en- 
gines and  airframes  of  heavy  sheet  metal. 
These  major  strides  in  aviation  development 
have  brought  about  much  higher  aircraft 
performance.  The  accompanying  complex- 
ity of  manufacturing,  however,  has  ruled  out 
large-scale  application  of  mass  production 
techniques  and  attendant  savings  in  time  and 
money.  For  example,  in  constructing  a  B— 47 
jet  bomber,  each  of  the  6,000  bolt  holes  in 
the  wing  has  to  be  accurate  within  one-  to 
two-thousandths  of  an  inch— less  than  the 
thickness  of  a  human  hair.  In  order  to  in- 
sure sufficient  strength  in  supersonic  flight, 
the  thin  wings  of  the  Stratojet  have  to  be 
virtually  hand-carved  from  solid  metal. 

The  production  difficulties  encountered  by 
aircraft  manufacturers  were  multiplied  dur- 
ing the  Korean  War.  Scheduled  delivery 
dates  were  frequently  not  met,  and  even  those 
schedules  which  had  been  stretched  out  did 
not  materialize  as  anticipated.  Yet  to  under- 
stand the  problems  of  production,  it  is  nec- 


essary to  point  out  that  only  limited  mobili- 
zation was  in  effect  at  that  time.  Many  in- 
dustries continued  to  produce  civilian  goods, 
and  in  such  cases  it  was  necessary  to  super- 
impose higher  priority  military  require- 
ments. Not  only  did  machine  tools,  compo- 
nents, and  aircraft  parts  become  bottlenecks 
but  labor  strikes  also  affected  production 
output. 

The  important  element  of  lead  time,  the 
interval  between  placing  an  order  and  the 
delivery  of  a  finished  product,  continues  to 
be  a  controlling  factor  in  military  aircraft 
production.  The  great  production  effort  of 
the  Korean  War  did  not  materialize  until 
the  summer  of  1952,  two  years  after  orders 
had  been  placed  with  the  aircraft  companies. 
In  that  year  the  lead  time  on  a  modern 
fighter  amounted  to  approximately  two  and 
a  half  years,  while  a  bomber  took  about  three 
years.  The  reasons  for  the  long  lead  time 
required  are  shown  below  in  the  treatment  of 
the  nature,  organization,  and  operation  of 
of  the  industry. 
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>RGANIZATION   AND   DISTRIBUTION   OF 
THE  U.  S.  AIRCRAFT  INDUSTRY 

Typical  aircraft  making  methods  are  not 
f  the  mass  production  type  prevalent  in  the 
utomobile  industry.  Nor  can  they  be  put  in 
le  "tailormade"  category  of  production 
rhich  is  characteristic  of  the  locomotive  and 
-upbuilding  industries.  Rather  they  are  in- 
>rmediate  between  these  two  types.  Mass 
roduction  methods  cannot  generally  be 
sed  in  building  air  vehicles  because  of  the 
uge  size  of  some  planes,  the  great  variety 
f  models,  the  small  number  produced  of 
)me  types,  the  rapidity  of  technological 
rogress,  fast-changing  designs,  restricted 
larkets,  and  fluctuations  in  production. 
>nly  during  periods  of  extremely  high  out- 
ut  have  mass  production  methods  been  used 
ith  some  success,  as  during  the  latter  years 
f  the  Second  World  War. 

lanufacturing   Processes  and 

rganization 

The  function  of  designing  is  of  crucial  im- 
ortance  in  building  airplanes  and  missiles, 
pecial-purpose  characteristics  of  planes 
great  speed,  high  altitude  ceiling,  or  long 
inge)  and  rapid  technological  progress  in 
le  industry  impose  great  demands  on  de- 
gners  and  practically  preclude  standardi- 
ition.  Designing,  plus  developmental  and 
:sting  work  which  follow,  involves  the  ex- 
enditure  of  large  quantities  of  high-salaried 
.bor.  The  costs  of  these  preliminary  phases 
re  spread  out,  as  a  rule,  over  a  few  opcrat- 
ig  models.    For  these  reasons  total  unit  costs 


for  aircraft  run  high.  Complicated  planes 
of  today  require  several  years  from  the  draw- 
ing board  to  the  operational  stage.  This  time 
lag  tends  to  become  greater  as  air  and  space 
vehicles  become  more  and  more  complex. 

The  manufacturing  processes  are  similar 
to  those  of  other  metal  fabricating  indus- 
tries. Component  parts  are  produced  by 
numerous  independent  suppliers  from  many 
facets  of  the  American  industrial  economy. 
Such  subcontracting  is  typical  of  the  so- 
called  non-integrated  type  of  manufacturer.9 
Still  there  are  a  few  manufacturers  of  the 
integrated  type.  They  possess  all  essential 
manufacturing  facilities,  including  a  com- 
bination of  subsidiary  companies,  allowing 
them  to  make  a  complete  plane.  United 
Aircraft  and  Curtiss-Wright  Corporation  are 
examples  of  this  type. 

Aircraft  industries  are  also  much  more 
dependent  upon  multipurpose  tools  and 
equipment  than  are  mass-producing  indus- 
tries. With  such  machines  they  can,  of 
course,  turn  out  a  wider  range  of  models 
and  parts  without  retooling  than  can  mass 
production  industries.  Moreover,  multi- 
purpose equipment  enables  a  manufacturer 
to  meet  more  adequately  the  exigencies  of 
a  rapidly  changing  technology  and  the  re- 
quirements for  precision.  However,  the 
complexity  of  the  equipment  requires  the 
employment  of  highly  skilled  workmen  to 
an  extent  not  encountered  in  mass  produc- 
tion industries. 

Precision  machining,  for  instance,  is 
absolutely  essential  in  the  aircraft  industry. 
This  function  involves  the  use  of  the  most 
advanced  techniques  for  the  machining  it- 
self and  for  discerning  both  internal  and 
external  imperfections.  Highly  skilled  work- 
men and  expensive  equipment  are  also  re- 
quired for  the  inspection  phase  of  produc- 
tion.    Although  this  assures  high  perform- 


'  Non-integrated  manufacturers  are  independ- 
ent concerns  which  accept  orders  for  aircraft  parts 
and  which  also  make  parts  for  other  industrial 
products,  such  as  automobiles. 


493600   O  -59  -9 
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MILITARY  AIRCRAFT  DEVELOPMENT  SCHEDULES 


Tj 

pe 

of 

aircraft 

Develop- 
ment • 

Testing  2 

Production  3 

Op 

erational  4 

Bombers: 

B-17 

1933 
1938 
1942 
1946 

1942 
1947 

1936 
1941 
1946 
1952 

1944 
1951 

1937 
1943 
1950 
1954 

1947 
1956 

1941 

B-29 

1944 

B-47 

1952 

B-52 

1954 

Cargo: 

C-97 

1949 

KC-135 

1957 

1  Date  aircraft  industry  or  Air  Force  first  estab- 
lished specifications. 

-  First  prototype  ready. 

ance  in  the  finished  product,  it  again  in- 
creases the  unit  cost  of  that  product. 

One  of  the  major  considerations  in  lo- 
cating an  aircraft  manufacturing  plant  is  this 
need  for  many  highly  skilled  workmen  tech- 
nically competent  to  handle  complex  ma- 
chine tools  and  perform  much  hand  assembly 
work.    Of  course  large  numbers  of  engineers. 


3  Date    first    production    model    left    factory    or 
first  delivery. 

4  Assigned  for  operational  use  by  Air  Force. 

draftsmen,  and  research  workers  are  also 
needed.  The  plants  are  usually  located  near 
or  adjacent  to  large  centers  of  population. 
Costs  in  such  areas  are  generally  high  and 
must  be  reflected  in  the  final  product. 

The  aircraft  industry  uses  the  sub-assembly 
system  as  does  the  automobile  industry. 
Unit  assemblies  move  from  one  work  station 


DEMANDS  MADE  UPON  TECHNICAL  SKILLS* 
Engineering  Manhours  from  Inception  of  Design  to  Operational   Acceptance     (Operational   dates   shown) 


P-51 
(1942) 


F-86A 
(1949) 


F-86D 
(1953) 


F-100A 
(1955) 


250,000  hrs 


1,700,000  hrs 


2,800,000   hrs 


4,800,000   hrs 


1,000  2,000  3,000  4,000 

Hours  of  elapsed  time  in    1000's  of  hours 


5,000 


•Adapted  from  1  st  report  Senate  Preparedness  Subcommittee  ( 1  954). 
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3  another.  As  many  as  twenty  work  sta- 
ons  may  be  involved.  The  line  sometimes 
?mains  stationary  for  hours  while  workers 
Dmplete  unit  assemblies  and  sub-assemblies 
n  each  airframe  in  different  stages  of  com- 
letion,  utilizing  much  hand  labor  in  these 
rocesses.  A  distinguishing  characteristic 
f  the  assembly  line  is  its  intermittent  move- 
lent  compared  with  the  continually  moving 
ne  in  mass  production  industries. 
Based  upon  the  type  of  work  done,  there 
re  four  groups  of  plants  or  factories  en- 
aged  in  the  conventional  aircraft  industry, 
'hey  include  (1)  airframe  plants,  (2)  en- 
ine  factories,  (3)  propeller  factories,  and 
4)  equipment  making  plants.  These  plants 
re  widely  scattered  over  the  United  States. 


Distribution  of  the  Industry  in  the 
United   States 

Traditional  location  factors  have  been 
relatively  unimportant  in  the  aircraft  in- 
dustry because  of  the  light  weight  of  its  raw 
materials,  mobility  of  the  completed  air- 
plane, and  the  government  subsidy  of  the 
industry,  in  conjunction  with  a  major  em- 
phasis on  skilled  labor  pools  necessary  for 
the  complex  manufacturing  processes. 
Nevertheless,  some  locational  pattern  is  dis- 
cernible. Southern  California  leads  in  air- 
frame production;  and  the  East,  with  its 
heavy  metals  know-how,  leads  in  engine 
production. 


overing  more  than  56  acres  of  floor  space,  these  buildings  comprise  the  main  plant  of  the  Hughes  Aircraft 
ompany  at  Culver  City,  California.  To  the  left  is  the  Hughes  runway,  one  of  the  longest  in  the  world.  Be- 
ond  it  is  the  residential  section  of  Culver  City.      In  the  foreground  is  the  Loyola  University  Chapel. 
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AIRCRAFT   INDUSTRY   IN   THE   UNITED   STATES 
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Items 

of  Production 

Order  of 
Total  Production 

A 

Airframe 

BBBBSSSB 

tSBBBB    First 

E 

Engines 

:■::::•::::•:::      Second 

P 

Propellers 

11111^    Third 

S 

Spare   Parts 

WM&    Fourth 

Along  with  skilled  labor  supply,  climate 
is  a  major  factor  in  the  location  of  aircraft 
plants  when  political  or  strategic  considera- 
tions are  not  overriding.  A  warm,  dry 
climate,  such  as  that  of  Southern  California, 
is  most  desirable.  In  that  climate  year-round 
flight  testing  is  possible,  storage  of  parts  out- 
of-doors  is  feasible ;  heating  requirements  for 
the  huge  buildings  are  minimized ;  and  work 
out-of-doors  is  possible  throughout  the  year. 
These  factors  all  tend  to  lower  production 
costs. 

Taxation  is  another  consideration  in  in- 
dustrial location.  Because  of  high  taxes 
on  urban  property,  and  the  high  unit  value 
of  such  property,  aircraft  plants  generally 
locate  on  the  peripheries  of  the  metropolitan 
districts  to  reduce  overhead  costs  as  much 


as  possible.  For  example,  the  Southern 
California  plants  are  located  at  Inglewood, 
Hawthorne.  Long  Beach.  Santa  Monica,  and 
at  other  cities  adjacent  to  the  labor  supply 
of  Los  Angeles,  but  none  of  them  is  in  Los 
Angeles. 

Nearness  to  military  proving  grounds  and 
training  sites  is  yet  another  locational  factor. 
Texas  and  California  are  both  well-endowed 
with  Air  Force  bases  and  are  also  the  two 
leading  states  in  the  aircraft  industry. 

Sources  of  raw  materials,  transportation 
facilities,  and  power  sources  appear  to  exert 
little  influence  on  the  precise  location  of  air- 
craft factories  in  the  United  States.  This 
is  direct  contradistinction  to  most  heavy  in- 
dustries which  are  located  first  of  all  near 
power  sources,  and  secondarily  near  raw  ma- 
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rials,  transportation  facilities,  and  markets. 
utlook  for  Aircraft  Industry  in  the  U.  S. 

The  aircraft  industry  from  its  inception 
is  been  characterized  by  high  cost  pro- 
iction  and  narrow  profit  margins — or  even 
>erating  losses.  This  situation  is  now  ag- 
avated  with  the  advent  of  complicated 
anes  utilizing  radar,  gas  turbines,  jet 
opulsion,  and  intricate  electronic  equip- 
ent.     It  presently  costs  millions  of  dollars 

develop  a  new  model;  thus,  either  high 
ices  per  production  unit  or  a  large  out- 
it  is  necessary  to  recover  the  investment  in 
y  given  model.  The  high  cost  of  con- 
intly  developing  ever  better  military  air 
hides  could  hardly  be  borne  by  any  buyer 
cept  the  government.  Commercial  planes 
?d  on  the  airways  and  in  general  aviation 

not  change  nearly  as  fast  as  military  craft, 
"vertheless,  as  will  be  seen  in  the  airlines 
apter,  the  tempo  of  change  in  commercial 
insports  is  fast — the  airlines  alone  having 
aced  orders  for  several  billions  in  new 
uipment  during  the  middle  1950's. 
Orders  for  military  planes  will,  as  in  the 
st,  remain  uncertain.  Hence  businessmen 
nnot  make  much  use  of  them  for  project- 
y  firm  production  trends.  Most  military 
nstruction  will  continue  to  be  closely  re- 
ed to  the  rapidly  changing  international 
uation.    A  sizeable  amount  of  production 


for  some  companies,  however,  consists  of  civil 
aircraft  for  passenger  and  freight  transpor- 
tation and  for  pleasure  use  and  utility.  In 
1956  the  industry  produced  more  civil  air- 
craft than  military.  Nevertheless,  the  im- 
mensity of  military  output — both  in  value 
and  weight  of  aircraft — dwarfed  civil  air- 
craft production.10  This  trend  seems  likely 
to  continue  for  the  foreseeable  future.  And 
of  course  civil  aircraft  business  has  scarcely 
any  effect  on  those  companies  which  work 
almost  entirely  on  military  orders. 

It  appears  that  the  greatest  impact  on  the 
United  States  aircraft  industry  in  future 
years  will  be  in  the  area  of  missile  develop- 
ment and  production.  The  extent  of  United 
States  participation  in  the  expansion  of  mis- 
sile and  space  vehicle  production  is  well  il- 
lustrated by  some  recent  comparisons.  In 
1951  the  United  States  spent  $21  million  on 
missile  procurement;  in  1957,  this  expendi- 
ture amounted  to  almost  $2.9  billion. 

Some  aircraft  companies  started  research 
on  guided  missiles  at  the  end  of  the  Second 
World  War.    Since  that  time,  many  of  them 


10  See  the  following  tables  in  Aviation  Facts  and 
Figures:  U.  S.  Airframe  Weight  Production  (Mil- 
itary and  Civil),  1939  to  Present:  Aircraft  Engine 
Production  (Military  and  Civil).  1917  to  Present; 
Sales  by  Manufacturers  of  Complete  Aircraft,  Air- 
craft Engines,  Propellers  and  Parts,  1948  to  Date 
(Millions  of  Dollars). 


IRAGE  COSTS  FOR  MILITARY  AIRCRAFT  UNITS  BY  SELECTED  YEARS 
(Dollar  Figures   in   Thousands) 


DOLLAR   VOLUME   AIRCRAFT   SALES' 


>39  1     ($30,907)  Ufl 


W  «, 


($1,183,235) 
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*  Source:  1  st  report  of  Senate  Preparedness  Subcommittee  1  954). 


have  added  missiles  to  their  regular  aircraft 
production  output.  As  shown  earlier.  Amer- 
ican aircraft  industries  are  well  dispersed 
and  located  in  four  major  regions.  The  loca- 
tion of  missile  plants  in  the  United  States 
follows  this  same  pattern.  Often  the  plant 
facilities  for  aircraft  and  missile  production 
are  located  in  the  same  area. 

Looking  to  the  future,  one  can  do  little 
more  than  speculate.  On  the  basis  of  the 
record,  however,  it  is  safe  to  say  that  the  air- 
craft industry  will  respond  well  to  the  de- 
mands placed  upon  it  under  a  system  of 
relatively  free  economy.  Both  the  achieve- 
ments and  the  problems  facing  American  air- 
craft and  missile  producers  may  be  viewed 
with  clearer  perspective,  however,  by  mak- 
ing a  survey  of  aircraft  industries  abroad. 


UNITED  STATES  AIRCRAFT 
PRODUCTION* 


FOREIGN  AIRCRAFT   INDUSTRY 
The   Soviet   Union 

It  is  obvious  that  Russia's  capabilities  in 
aircraft  production  were  not  acquired  in  just 
the  last  decade.  In  the  early  years  of  avia- 
tion history,  the  Russian  aircraft  industry  was 
comparable  to  that  of  the  Western  powers. 
At  that  time  designers  like  Sikorsky  were 
making  important  contributions  to  aviation 
development.  The  inefficiency  and  corrup- 
tion of  the  Tsarist  regime,  the  collapse  of  the 
Russian  armies  in  1917,  the  overturning  of 
the  social  order,  and  civil  war — all  these 
events  conspired  to  produce  famine  and  pros- 
trate the  economy  bv  1921.     Thev  led  most 


Years 

Military 

Utility 

Transport 

Tc 

1939 

2.  195 
96.318 

2.  544 
11.000 

6,800 

3.  555 
N/A 
3,379 
3.825 
6,778 

106 

X  A 

166 

309 
428 

5 

1944 

1949 

1 

1953.  . 

15 

1956 

14 

*Years  were  selected  on  the  basis  of  available  data 
all  types  of  aircraft. 

foreign  observers  to  form  a  distorted  mental 
image  of  Russia  which  persisted  to  the  1950's, 
despite  Soviet  military  and  industrial  prog- 
ress. The  Soviet  Union's  dependence  on 
foreign  technical  help  for  her  early  Five 
Year  Programs  confirmed  the  opinion  that 
the  country  was  basically  weak  in  technology. 
With  the  rise  to  power  of  militarists  in  Ger- 
many and  Japan,  Soviet  armament  and  air- 
craft industries  mushroomed.  In  1941,  how- 
ever, the  Nazi  invasion  abruptly  disrupted 
aircraft  production  in  European  Russia. 
Many  plants  were  moved  eastward  to  Si- 
beria. Nevertheless,  production  during  the 
war  years  was  high,  reaching  a  peak  of 
56,000  in   1944. 

During  the  war  the  United  States  and 
Great  Britain  shipped  billions  of  dollars 
worth  of  military  equipment  and  supplies  in- 
cluding aircraft  to  the  beleaguered  Soviet 
Union.  This  materiel  was  put  to  good  use 
as  the  Red  Army,  despite  immense  losses, 
stood  up  under  the  hammer  blows  of  the  I 
Wehrmacht.  In  the  process  the  Soviets 
naturally  learned  much  about  advanced 
Western  equipment  and  materially  improved 
their  technology.  However,  their  efforts  to 
catch  up  with  the  West  in  this  area  of 
achievement  went  to  extremes  in  some  cases. 
Even  American  bomber  crews  which  made 
forced  landings  in  friendly  Soviet  territory 
during  the  war  were  held  for  varying  periods 
of  time,  and  their  aircraft  taken  from  them.  | 
In  this  way.  for  instance,  the  Soviets  obtained 
data  on  the  most  advanced  operational  U.  S. 
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bomber  of  the  war — the  B-29  Superfortress. 
This  plane  soon  made  its  appearance  in  the 
postwar  period  as  the  TU-4  (named  after 
Tupolev,  a  leading  Russian  designer) . 

After  the  close  of  the  Great  Fatherland 
War,  as  Russians  called  the  Second  World 
War,  thousands  of  German  technicians, 
scientists,  and  skilled  workers  were  pressed 
into  industrial  service  and  research  on  jet 
olanes  and  missiles.  Sometimes  whole  fac- 
tories were  moved,  together  with  personnel. 
Postwar  sales  of  Western  aircraft  products 
such  as  the  British  Nene  jet  engine  also 
speeded  aeronautical  development  in  the 
USSR. 

The  Soviets  were  also  able  to  draw  upon 
Dther  foreign  sources,  openly  or  covertly,  thus 
stepping  up  their  rate  of  progress  in  the  aero- 
nautical art.  Undoubtedly  they  could  have 
done  the  job  themselves,  but  it  would  have 
taken  more  time.  By  the  time  the  Russians 
felt  themselves  able  to  get  rid  of  direct  for- 
eign assistance,  their  aircraft  industry  had 
reached  considerable  proportions.  Begin- 
ning in  1950  Soviet  aerial  activity  demon- 
strated to  the  world  that  they  had  built  secure 
foundations  for  a  strong  and  efficient  aircraft 


industry.  Before  long  Soviet  scientists  were 
able  to  make  original  contributions  of  the 
first  magnitude  in  rocket  propulsion  and 
astronautics. 

Distribution    of    Soviet    Aircraft    Industry. 

This  industry  is  apparently  concentrated  in 
four  principal  areas :  ( 1 )  the  Volga  River 
Valley  in  European  Russia,  (2)  the  Moscow 
area,  also  in  European  Russia,  (3)  the  Kuz- 
netsk Basin  in  Western  Siberia,  and  (4)  the 
Komsomolsk  region  in  Eastern  Siberia. 
These  centers  produce  many  types  of  manu- 
factured goods  besides  aircraft. 

The  major  factors  determining  the  loca- 
tion of  aircraft  industries  in  the  USSR  are 
resources  and  transportation,  though  stra- 
tegic considerations  are  evident.  Despite  the 
fact  that  the  USSR  lacks  good  transporta- 
tion facilities  in  many  areas,  it  should  be 
noted  that  these  major  aircraft  producing 
areas  are  on  or  near  the  Trans-Siberian  rail- 
road system.  The  buildup  of  the  aircraft 
industries  in  these  four  key  centers  increased 
their  labor  and  raw  material  requirements; 
the  labor  problem  was  apparently  resolved 
in  part  by  impressment  and  transfer  of  large 
numbers  of  skilled  technicians. 


SOVIET  AIRCRAFT  PRODUCTION  (OUTPUT) 


Pre-war 

Post-war 

Year 

Esti- 
mated 
total 

Year 

Esti- 
mated 
total 

Year 

Bomb- 
ers 

Train- 
ers 

Fighter 

Trans- 
port 

1928 

650 

980 

1,  100 

1,  500 
1,920 

2,  800 
4,000 
5,400 
7,000 

1937    

7,540 
10,  000 
10, 000 
10,000 
10, 000 
17,  500 
24, 000 
56,  000 
40,  000 

1948 

1949 

1951    

600 
5,000 

600 
5,000 

2,400 

4,  500 

11,000 

15,400 

1929 

1938 

1930 

1939 

1,  200 

1931 

1940 

1952 

1,800 

1,  400 

1932 

1941 
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Approximately  2,000  other  types  of  aircraft  have 
been    produced,    including:    search,    rescue,    liaison, 
etc. 
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countries' 

estimates 

*  Adapted  from  "The  Soviet  Aircraft  Industry,"   Institute  for  Research  in  Social  Science,  University  of 
North  Carolina,  Chapel  Hill,  N.  C,  1955,  pp.  90,  95. 


Principal   aircraft   industrial 
centers   of  Soviet  Union, 
showing   railroad   feeder   lines. 


The  aircraft  industry  of  the  USSR  is  di- 
rected, controlled,  and  financed  directly  by 
the  government.  Plants  in  the  Soviet  air- 
craft industry  are  integrated  in  a  manner 
designed  to  insure  a  continuous  flow  of 
products.  This  system  has  reportedly  pro- 
duced good  results,  although  handicapped 
by  antiquated  methods,  insufficient  special- 
ized equipment,  and  lack  of  automation.11 

Educational  Support  for  the 
Soviet  Aircraft  Industry  12 

The  Soviet  air  development  program  is 
wide  in  scope  and  unhampered  by  budget- 
ary   restrictions.     Pushing    progress    on    a 


11  Institute  for  Research  in  Social  Sciences,  Uni- 
versity of  North  Carolina,  The  Soviet  Aircraft  In- 
dustry (Chapel  Hill,  N.  C,  1955). 

r~  This  section  is  based  on  the  Chapel  Hill  study 
cited  above. 


broad  front  at  a  maximum  rate  is  apparently 
the  primary  objective.  This  is  borne  out 
by  the  educational  effort;  here  top  priority 
is  given  to  training  scientists  and  engineers 
of  the  quality  and  in  the  quantity  needed. 

Soviet  scientific  and  engineering  schools 
are  graduating  larger  numbers  of  young  peo- 
ple than  American  colleges  and  universities. 
Most  of  the  graduates  are  tagged  for  em- 
ployment in  industries  producing  military 
products.  The  aircraft  and  missiles  industry 
is  naturally  high  on  the  priority  list  for  such 
key  personnel. 

Although  Russian  scientists  and  engineers 
cannot  move  around  at  will,  they  are  treated 
with  honor  and  are  offered  attractive 
incentives.  Ability  is  rewarded  with  pro- 
motion. Outstanding  designs  are  given 
the   designer's   initials.     Top   scientists   re- 
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ceive  good  salaries,  even  by  Western  stand- 
ards. Based  on  available  evidence,  it  ap- 
pears that  working  conditions  for  technicians 
are  comparable  to  those  in  the  American  air- 
craft industry. 

The  chief  aviation  institutes  and  schools 
are  under  the  jurisdiction  of  the  Ministry 
of  Aviation  or  allied  industries.  Most  of 
them  are  located  in  the  capital.  In  addition 
to  the  special  research  and  testing  centers, 
aviation  research  is  also  conducted  in  many 
individual  plants  of  the  aircraft  industry. 
Beyond  this,  other  research  bodies  including 
universities  are  often  assigned  work  which 
has  a  direct  bearing  on  aeronautics.  They 
may  be  given  work  to  do  for  the  Soviet  air 
force  or  the  civil  air  transport  fleet,  or  for  in- 
dustries engaged  in  parallel  types  of  aero- 
nautical development.  Several  divisions  of 
the  Academy  of  Sciences  also  participate  in 
aviation  research  and  astronautics.13 

The  general  objective  of  the  higher  avia- 
tion educational  institutions  is  to  prepare 
engineers  and  technicians  for  employment 
in  the  construction  of  aircraft  and  aircraft 
engines,  armament  systems,  instruments,  and 
radio-navigation  equipment.  They  are  also 
expected  to  contribute  to  general  technolog- 
ical development  and  to  improve  the  organ- 
ization of  production  in  the  aircraft  and 
missiles  industry.  Almost  all  of  these  insti- 
tutions carry  on  scientific-research  activities. 
In  this  work  both  staff  and  advanced  stu- 
dents participate. 

Its  great  emphasis  upon  science,  engineer- 
ing, and  technology  has  made  the  USSR  a 
leader  in  aeronautical  engineering  and  in 
the  production  of  aircraft,  and  more  recently 
one  of  the  foremost  powers,  in  the  realm  of 
guided  missiles  and  space  vehicles. 


SCIENTIFIC  PERSONNEL' 


u  The  secretary  of  the  Commission  on  Astro- 
nautics, Academy  of  Sciences  attended  the  Bar- 
celona congress  of  the  International  Astronautical 
Federation  in  1957.  (Erik  Bergaust,  "Russia's 
Moon  Rocket  Program,"  Missiles  and  Rockets, 
Vol  2  [November   1957]  p.   37) 
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The   British   Commonwealth 

Australia,  Canada,  and  Great  Britain  are 
the  only  members  of  the  British  Common- 
wealth that  presently  have  important  air- 
craft industries.  Working  together,  they  en- 
able the  British  to  maintain  third  place 
among  the  world's  air  powers.  Although 
the  potential  of  each  of  these  states  is  gen- 
erally evaluated  separately,  it  should  be 
kept  in  mind  that  the  individual  national 
capacities  undoubtedly  would  be  combined 
if  any  of  them  were  gravely  threatened  or 
attacked. 

Australia  is  the  least  productive  of  the 
three.  It  has  some  natural  resources  for 
an  aircraft  industry  but,  more  importantly, 
it  is  near  areas  that  are  especially  rich  in 
some  minerals  and  metals  that  are  essential  to 
aircraft  construction.  Canada  has  key  re- 
sources in  great  quantity.  The  United 
Kingdom  has  a  wealth  of  industrial  facilities. 
Because  of  these  diverse  and  well  distributed 
advantages,  the  three  Commonwealth  na- 
tions can  only  rely  on  a  supply  of  resources 
that  is  perhaps  as  great  as  either  the  Ameri- 
can or  Russian. 

The  total  output  of  British,  Canadian, 
and  Australian  aircraft  industries  is  con- 
siderably less  than  that  of  the  United  States 
or  the  USSR,  but  the  quality  of  products  is 
comparable. 

The  United  Kingdom's  emphasis  on  mis- 
siles may  have  a  significant  effect  on  her 
ability  to  produce  commercial  aircraft. 
Many  plant  facilities  which  were  developed 
to  fill  the  needs  of  the  RAF  are  being  con- 
verted to  missile  production.     Scientists  and 


engineers  who  have  been  engaged  in  de- 
velopment and  research  on  military  aircraft 
and  associated  equipment  may  transfer  to 
the  missile  field.  Yet  it  is  probable  that 
some  existing  plants,  especially  those  which 
formerly  made  engines  for  military  craft, 
will  continue  commercial  projects  and  re- 
tain some  scientists,  designers,  engineers,  and 
a  portion  of  the  skilled  labor  force.  Indi- 
rectly, the  financial  factor  may  tend  to  en- 
courage production  of  commercial  aircraft 
for  export.  In  addition,  the  government 
hopes  that  concentration  on  missiles  will 
permit  reduction  of  the  military  budget, 
thus  directly  assisting  in  the  problems  of  na- 
tional finance. 

Canada's  aircraft  industry  was  begun  vir- 
tually by  government  fiat  ten  years  ago. 
Today  it  is  the  third  largest  employer  of 
labor  in  the  country.  It  supplies  not  only 
a  formidable  and  modern  air  force  but  also 
manufactures  planes  for  export. 

Though  prospering,  Canadian  aircraft 
producers  encounter  problems  similar  to 
those  in  United  States  industrialists.  For 
example,  they  suffer  from  a  fluctuating  mili- 
tary requirement.  Current  problems  are 
caused  largely  by  the  industry's  need  to 
break  away  from  dependence  on  government 
orders  and  yet  obtain  some  simultaneous 
government  support  for  expansion  of  its  com- 
mercial export  market. 


West   Continental   Europe 

Aviation  prospects  for  West  Germany  are 
on  the  rise.  The  Germans  are  making 
steady  progress  in  rebuilding  their  air  force 
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and  airlines,  and  have  also  obtained  large 
foreign  orders  for  military  and  commercial 
aircraft.  Manufacture  of  many  of  these  air- 
craft will  be  based  on  foreign  designs  until 
the  Germans  once  more  develop  their  own. 
With  the  Federal  Republic's  tremendous 
technological  and  industrial  potential  to 
draw  upon,  the  aircraft  industry  has  a  bright 
future. 

French  aircraft  makers  are  struggling  to 
regain  their  prestige  in  the  aeronautical 
world.  The  outlook,  though,  is  not  too 
promising  because  of  government  instability 
and  a  weak  financial  structure.  Production 
for  the  French  air  forces  is  considerable. 
The  industry  also  has  large  foreign  orders. 
Like  several  other  nations  outside  the  Big 
Three,  the  French  are  planning  to  develop 
atomic  weapon  capabilities  for  their  air 
and  other  military  forces. 

In  1957  the  structure  of  the  French  air- 
frame industry  underwent  significant  change 
when  two  large  state-owned  firms  were 
merged.  One  was  Sud  Est,  which  employs 
12,000  workers.  The  other  was  Ouest  Avi- 
ation which  has  10,000  employees.  The 
merger  left  only  one  other  nationalized  air- 
frame company — Nord — an  employer  of 
8,000  people. 

The  Italian  aircraft  industry's  recovery  is 
not  adequately  reflected  in  the  volume  of  an- 
nual production.  In  1956  Italian  producers 
employed  hardly  more  than  4,000  workers 
and  sold  only  $35,000,000  worth  of  aircraft 
at  home  and  abroad. 

Although  this  output  is  not  impressive,  it 
nevertheless  marked  a  25  percent  gain  over 
the  previous  year.  More  significantly,  most 
of  the  products — both  military  and  commer- 
cial— were  Italian  in  design  as  well  as  man- 
ufacture. These  facts  show  that  the  Italian 
industry — like  the  German — is  beginning  to 
regain  its  pre- World  War  II  capabilities. 
However,  its  resource  base  is  much  poorer 
than  Germany's. 

In  Northern  Europe,  lying  along  the  Rus- 
sian-controlled Baltic  Sea,  Sweden  depends 
heavily  for  its  national  survival  upon  its  own 


air  force.  It  is  both  modern  and  sizeable. 
Not  only  are  Swedish  air  force  units  based 
underground,  but  many  of  the  planes  used 
are  built  in  factories  blasted  out  of  rocks  lying 
below  the  surface  of  the  earth.  These  plants 
are  air  conditioned  and  supplied  with  raw 
materials  brought  in  through  long  descend- 
ing tunnels.  Facilities  are  designed  to  oper- 
ate even  during  gas  attacks. 

Production  carried  on  both  above  and  be- 
low the  surface  already  has  given  Sweden  a 
combat  air  force  of  almost  1,200  jet  planes. 
The  supersonic  J— 35  Draken  fighter  is  sched- 
uled for  use  in  Swedish  military  aviation  by 
1959.  An  interceptor  missile  has  been  under 
development  for  some  time.  Furthermore, 
the  purchase  in  1955  of  Australian  Jindivik 
pilotless  target  aircraft  indicates  that  the 
Royal  Swedish  Air  Force  is  preparing  to  use 
air-to-air  missiles.  If  air-to-ground  missiles 
are  also  to  be  employed,  as  reported,  it  re- 
flects Swedish  determination  to  employ  air 
power  offensively  if  war  should  come. 

In  the  Low  Countries,  the  Netherlands  has 
aircraft  plants  at  Ypenburg,  Amsterdam, 
and  Woendrecht.  They  produce  both  mil- 
itary and  commercial  craft  for  domestic  and 
export  sales.  This  industrial  complex 
makes  civilian  turbojet  aircraft,  military  jet 
planes,  and  guided  missiles.  It  also  con- 
verts older  military  transports  to  civilian 
commercial  use.  One  firm  limits  itself 
largely  to  repair  and  maintenance  work  for 
the  Royal  Dutch  Air  Force. 

Though  it  is  one  of  the  world's  most  highly 
industrialized  countries.  Belgium  is  a  minor 
producer  of  aircraft.  The  firm  of  Stamp  and 
Renard  near  Brussels  makes  a  domestically 
designed  primary  trainer  on  a  limited  scale. 
Hawker  Hunter  jets  for  the  Belgian  and 
Dutch  air  forces  are  produced  under  license 
by  several  engine  and  aircraft  plants  in  the 
Low  Countries. 

Farther  south  is  another  small  producer — 
Switzerland.  The  Swiss  are  famous  as 
makers  of  precision  instruments  for  manu- 
facturing and  operating  aircraft.  They  also 
make  engines  and  assemble  airplanes.    Their 
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aircraft  industry  is  preparing  to  include  the 
complete  manufacture  of  jets  for  use  by 
Swiss  military  units. 

Spain,  in  the  southwestern  part  of  the  con- 
tinent, started  comparatively  late  in  the  aero- 
nautical field.  Spanish  aircraft  facilities  are 
devoted  primarily  to  making  light  planes  and 
assembling  aircraft  purchased  abroad. 


Asia 

Japan  possesses  the  technological  ability 
and  the  industrial  base  needed  for  the  man- 
ufacture of  aircraft  and  missiles.  Like  the 
Germans,  the  Japanese  are  temporarily 
handicapped  by  postwar  lack  of  industrial 
experience  in  these  fields.  As  a  result,  the 
manufacture  of  complex  parts  was  initiated 
with  technical  aid  from  American  firms. 
Japan  announced  in  1957  its  intention  to 
start  its  own  missile  production.  Japan's 
major  concentration,  however,  is  on  military 
aircraft.  Some  firms  make  jet  engine  parts 
and  others  produce  entire  engines.  Several 
companies  of  the  integrated  type  produce 
finished  planes — airframes,  engines,  and  in- 
struments. The  industry,  however,  is  handi- 
capped by  a  weak  resource  base;  many  raw 
materials  must  be  imported,  often  at  high 
prices. 

Except  for  Japan,  industrial  development 
in  non-Soviet  Asia  has  been  extremely  slow 
but  an  industrial  awakening  is  in  the  mak- 
ing. Neither  India  nor  Communist  China 
has  immediately  available  a  fund  of  capital 
and  technical  knowledge  sufficient  for  ex- 
tensive production  of  aircraft  or  associated 


electronic  aids.  However,  both  countries  are 
not  only  rich  in  strategic  metallic  ores  but 
also  have  undeveloped  coal  and  water  re- 
sources which  could  provide  the  necessary 
power  to  operate  new  plants.  Each  of  these 
huge  nations  already  has  one  or  more  centers 
of  heavy  industry — China  in  Manchuria  and 
India  in  the  Bihar-Orissa  area.  These  cen- 
ters, besides  others  reportedly  under  develop- 
ment in  China,  have  the  resources  and  in- 
dustrial base  needed  for  aircraft  and  engine 
manufacture. 

The  entire  output  of  China  and  India  is 
as  yet  of  minor  importance  on  the  industrial 
scene.  However,  their  potential  for  aircraft 
production  could  become  a  significant  factor 
in  world  affairs  within  a  matter  of  decades. 
In  the  interim  period,  these  and  other  non- 
Soviet  countries  of  mainland  Asia  remain 
dependent  upon  outside  technical  and  finan- 
cial assistance  in  operating  their  aircraft  in- 
dustries; to  adequately  meet  their  military 
and  civilian  aircraft  needs,  they  must  at  the 
same  time  import  finished  craft. 
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Latin   America 

Throughout  Latin  America  only  Argen- 
tina and  Brazil  presently  support  aircraft 
industries.  Mexico  and  Chile  are  believed 
to  have  the  necessary  potential  for  future 
aircraft  industrial  development. 

In  Argentina,  the  IAME  plant  at  Cordoba 
employs  8,500  people.  It  assembles  trainer 
aircraft  purchased  from  other  countries. 
Formerly,  however,  it  manufactured  various 
models  of  light  planes;  it  expects  to  resume 
such  production. 
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TRENDS  AND   PROSPECTS   IN   THE 
AIRCRAFT   INDUSTRY 

In  this  age  of  jet  airplanes,  interconti- 
lental  supersonic  missiles,  and  earth  girdling 
iatellites,  major  segments  of  the  aircraft  in- 
dustry are  being  forced  to  make  substantial 
•eadjustments  and  changes.  Companies 
vorking  largely  on  military  orders  will  prob- 
ibly  be  forced  both  to  centralize  their  oper- 
ations and  diversify  their  production.  It 
;eems  that  only  by  such  means  can  they  re- 
luce  unit  production  costs  sufficiently  to 
:arry  them  successfully  through  slack  pe- 
iods — those  periods  when  military  orders 
ire  reduced. 

In  conjunction  with  military  research  and 
development  organizations,  the  aircraft  in- 
dustry of  the  future  may  be  expected  to 
devote  funds  and  personnel  to  research  on  an 
mprecedented  scale.  Much  effort  is  re- 
mired  in  the  realm  of  pure  research  to  solve 
pace  and  speed  problems  connected  with 
levelopment  of  newer  and  better  electronic 
ystems,  guidance  mechanisms,  fuels,  and 
naterials. 

Changes  from  the  standpoint  of  business 
Drganization  point  in  the  direction  of  a  more 
lighly  integrated  industry  with  less  de- 
Dendence  on  the  often  financially  unstable 
subcontractor;  concentration  of  operations 
in  fewer  plants  for  reasons  of  economy;  and 
more  diversified  commitments  in  related 
iclds  of  missiles  and  aircraft  for  protection 
from  the  boom  and  bust  cycle. 

Demand  for  highly  skilled  workmen,  tech- 
nicians, and  erigineers  may  be  expected  to 
*row  rapidly  as  the  industry  becomes  in- 
creasingly involved  in  manufacturing  com- 
dIcx  missiles,  satellites,  and  related  items.  In 
:urn,  the  responsibility  placed  upon  institu- 
tions of  higher  learning  to  provide  the  neces- 
sary scientific  and  technical  training  is  a 
:hallenging  one  and  demands  the  marshal- 
ling of  the  best  intellects  for  its  resolution. 


Industry  itself  is  being  forced  to  provide  more 
extensive  and  up-to-date  technical  training 
programs  for  its  personnel  than  in  the  past. 

Apart  from  the  transcendent  issue  of  na- 
tional survival,  the  jobs  of  thousands  of  work- 
ers and  the  fortunes  of  thousands  of  investors 
are  involved  in  the  maturation  of  the  aircraft 
industry.  During  this  transition  period 
many  economically  unstable  firms  are  in 
danger  of  failing,  or  may  fail,  as  was  the  case 
in  the  automobile  and  appliance  industries 
as  each  of  them  attained  maturity.  Indica- 
tions are  however  that  the  aircraft  industry 
as  a  whole  will  emerge  stronger,  more  flex- 
ible, more  diversified,  and  more  completely 
interwoven  with  the  whole  economy  than 
during  its  earlier  years.  In  any  case,  its 
leaders,  scientists,  engineers,  and  skilled 
workmen  may  be  counted  upon  to  produce 
the  superior  air  vehicles  needed  to  shield  the 
nation. 

In  the  world  at  large,  only  the  industrial 
giants — the  United  States  and  the  Soviet 
Union — will  be  able  to  afford  full  programs 
in  all  fields  of  the  newly  emerging  version  of 
the  air  vehicle  industry.  The  staggering  cost 
in  capital  equipment,  materials,  and  labor 
will  exclude  all  others.  Already  the  United 
Kingdom  has  largely  withdrawn  from  spe- 
cialized military  aircraft  production  and  is 
concentrating  its  limited  resources  upon  mis- 
sile production.  Such  trends  have  important 
political  overtones.  The  pooling  of  British 
and  American  scientific  efforts  certainly 
makes  it  clear  that,  within  the  free  world  at 
least,  nations  can  no  longer  operate  inde- 
pendently of  others  in  building  defense  struc- 
tures. In  a  world  unable  to  agree  on 
disarmament  controls,  the  law  of  self-preser- 
vation makes  it  imperative  that  the  free 
nations  conjoin  their  efforts  to  design,  build, 
and  operate  military  air  and  space  craft 
which  will  assure  them  control  of  the  air 
and  common  survival. 
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Airlines  and  Airways 

Every  day  thousands  of  aircraft  of  various  types  ply  the  skies. 
Huge  airliners  regularly  carry  passengers  and  mail  hundreds 
of  miles.  Cargo  planes  move  tons  of  freight  long  distances  in  a  mat- 
ter of  a  few  hours.  Helicopters  whirl  their  loads  over  congested 
city  streets.  Planes  carry  businessmen  to  appointments  from  one 
region  to  another  and  back  before  the  end  of  a  normal  business  day. 
Quite  obviously  aviation  has  had  a  great  impact  on  daily  civilian 
life.  Part  of  its  influence  comes  from  regularly  scheduled  air  trans- 
portation commonly  referred  to  as  airline  flying.  Non-scheduled 
flying  activities  in  business  and  agriculture,  contract  cargo  transpor- 
tation, industrial  aviation,  flight  instruction,  and  sport  or  pleasure 
flying  similarly  affect  much  of  our  daily  life.  Non-scheduled  flying 
is  generally  referred  to  as  general  aviation  and  embraces  both  com- 
mercial and  private  flying.  Together,  airline  flying  and  general  avi- 
ation constitute  civil  aviation,  which  includes  all  types  of  flying  ex- 
cept military  flying. 


In  less  than  half  a  century  civil  aviation 
has  grown  to  maturity  under  the  stimulus 
of  war  and  the  paternal  guidance  of  the 
Federal  Government.  Virtually  every-  con- 
tribution of  research  to  military  aviation  is 
ultimately  reflected  in  the  progress  of  civil 
aviation.  At  the  same  time  the  Government 
has  directly  and  assiduously  fostered  the 
growth  of  civil  aviation,  particularly  in  the 
lean  early  years.  Today  the  airlines — the 
most  important  component  of  civil  avia- 
tion— are  rapidly  approaching  a  point  of 
financial  independence. 

Civil  aviation  is  a  major  element  of  air- 
power.  A  nation's  ability  to  use  its  airspace 
is  measured  by  the  density  of  its  civil  air 
traffic.  Civil  aviation  occupies  an  integral 
position  in  the  larger  complex  of  national 
air  power  and  contributes  in  important  ways 
to  the  security  of  the  nation. 

The  airlines  in  particular  furnish  imme- 
diate airlift  capacity  which  can  be  used  for 
military  or  other  emergency  use.  To  a 
lesser  degree  irregular  contract  carriers  and 
numerous  private  business  planes  are  also 
available  for  such  use.  Moreover,  fast  flying 
transports  greatly  facilitate  the  conduct  of 
the  nation's  business — private  and  govern- 
mental. In  time  of  crisis  this  service  has 
proved  indispensable.  Again,  the  airlines 
and  general  aviation  contribute  signifi- 
cantly to  the  strength  of  the  nation's  air 
power  structure  by  the  demand  they  create 
for  improved  aircraft  and  up-to-date  air 
facilities.  Such  business  is  invaluable  to  the 
aeronautical  and  electronics  industries,  some 
of  which  suffer  from  fluctuating  military- 
demand  for  their  products.  At  the  same 
time  civil  aviation — particularly  the  air- 
lines— continually  adds  to  the  nation's  fund 
of  flying  experience  and  skill.  Most  im- 
portant, however,  is  the  military  airlift  capa- 
bility of  the  civil  air  fleet. 

Thus  a  direct  correlation  exists  between 
the  status  of  the  aeronautical  industries  and 
technological  progress  on  the  one  hand,  and 
the  efficiency  of  the  civil  and  military  air 
establishments  on  the  other.  Both  airline 
flying  and  general  aviation  are  dependent 
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for  their  success  upon  the  aeronautical  in- 
dustries and  the  state  of  technological  de- 
velopment. This  interdependence  is  well 
expressed  by  John  C.  Cooper,  an  authority 
on  air  power,  who  said.  "The  development 
of  any  use  or  phase  of  national  airpower  de- 
velops the  potentialities  of  every  other  use 
of  air  power."  1 

Throughout  this  course  the  student  should 
endeavor  to  keep  in  mind  the  interrelation- 
ships between  the  major  elements  of  air 
power  and  seek  to  apply  them  to  his  own 
and  other  countries.  Emphasis  will  be 
placed  on  the  extent  and  variety  of  the 
peacetime  uses  of  civil  aviation,  both  in  the 
United  States  and  abroad,  and  the  evolution 
and  future  of  the  air  transportation  industry 
in  terms  of  technological,  economic,  and 
military  factors. 

AIRLINE    FLYING 

In  spite  of  the  fact  that  airline  flying 
represents  only  a  small  portion  of  civil  avia- 
tion, it  has  a  more  direct  influence  on  our 
daily  lives  than  either  general  aviation  or 
military  aviation.  Regularly  scheduled  air- 
liners are  a  common  sight.  Constant  ad- 
vertising keeps  airline  flying  in  the  public 
eye.  More  and  more  people  are  using  the 
airlines  for  business  and  pleasure.  To  the 
general  public  the  commercial  aircraft  is  the 
most  obvious  element  of  the  air  age. 

Airline  flying  is  the  transportation  of 
passengers  and  cargo  by  airlines  operating 
as  common  carriers  just  as  do  railroads, 
trucks,  and  buses.  In  other  words,  airlines 
serve  the  general  public  by  means  of  fixed 
routes  according  to  regular  timetables  and 
published  fares.  As  common  carriers  they 
are  subject  to  governmental  regulation,  par- 
ticularly in  matters  of  establishment  of 
routes,  schedules,  fares,  and  number  of  car- 
riers. Airlines  are  controlled  by  the  Civil 
Aeronautics  Administration,  much  as  the 
railroads  are  regulated  by  the  Interstate 
Commerce  Commission.     One  airline  can- 


1  John  C.  Cooper,  The  Right  to  Fly  (New  York : 
1947),  p.  204. 


not  charge  one  fare  between  New  York  and 
Chicago,  and  another  a  different  rate.  Nor 
can  airlines  establish  new  routes  or  add  new 
flights  without  governmental  approval. 

Governmental  controls  are  designed  to 
give  the  public  reliable  air  transportation 
and  protect  individual  companies  from  un- 
fair competition.  Control  is  also  dictated 
by  military  needs.  Just  as  railroads  play 
vital  defense  roles  during  wartime,  airlines 
similarly  are  called  upon  to  move  troops  and 
cargo.  During  the  Korean  War,  commer- 
cial airlines  speeded  thousands  of  troops  and 
many  tons  of  cargo  across  the  Pacific.  Air- 
lines provide  an  important  reservoir  of 
military  air  power. 
Air   Transportation    and    Air    Power 

The  basic  theme  of  air  power  is  fast  trans- 
port, the  movement  of  men  and  material 
through  the  air.  The  cargo  may  be  com- 
mercial freight  or  atomic  bombs,  fare-pay- 
ing passengers  or  troops.  The  air  vehicle 
may  be  operated  by  a  civil  airline  or  by  a 
military  service.  Regardless  of  land  ob- 
stables  or  ocean  expanse,  the  function  of 
air  power  is  to  move  men  and  cargo  rapidly 
from  one  point  to  another. 

General  "Hap"  Arnold  emphasized  the 
connection  between  air  transport  and  air 
power  in  his  final  report  as  Commanding 
General  of  the  Army  Air  Forces  in  World 
War  II.  In  this  report  he  said,  "Air  power 
includes  a  nation's  ability  to  deliver  cargo, 
people,  destructive  missiles  and  war-making 
potential  through  the  air  to  a  desired  desti- 
nation to  accomplish  a  desired  purpose. 
Air  power  is  the  total  aviation  activity — 
civilian  and  military,  commercial  and  pri- 
vate, potential  as  well  as  existing." 
Beginnings   of   Air  Transportation 

The  flight  of  the  Wright  brothers  in  1903 
marked  the  dawn  of  a  new  era  in  trans- 
portation and  human  affairs.  Progress  in 
air  transportation  was  almost  immediate, 
particularly  in  Europe.  Shortly  after  the 
Wright  brothers  made  their  memorable 
Bight,  Henri  Farman,  a  Frenchman,  made 
aviation  history  by  taking  up  the  first  pas- 


sengers in  an  airplane.  A  little  later  Louis 
Bleriot,  another  Frenchman,  flew  across 
the  English  Channel.  Aside  from  being  a 
notable  aviation  achievement,  Bleriot's  flight 
marked  the  beginning  of  the  end  of  Britain's 
policy  of  "splendid  isolation"  from  the  con- 
tinent. European  enthusiasm  for  aviation  in 
those  early  years  was  also  highlighted  by  the 
establishment  of  international  speed  races 
at  Rheims.  Here  leading  European  govern- 
ments offered  prizes  for  improved  aircraft 
engines.  The  world's  first  true  aircraft  fac- 
tory was  built  in  France  in  191 1.  Rapid  ac- 
ceptance of  the  airplane  in  Europe  is  indi- 
cated by  the  number  of  licensed  pilots  in 
1911.  In  that  year,  there  were  353  licensed 
pilots  in  France,  57  in  Britain,  46  in  Ger- 
many, 32  in  Italy,  and  27  in  Belgium.  In 
that  same  year  there  were  only  26  licensed 
pilots  in  the  United  States. 
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Although  the  United  States  had  only  a 
few  pilots  in  1911,  interest  in  aviation  was 
not  completely  lacking.  In  1908  the  Army 
Signal  Corps  contracted  with  the  Wright 
brothers  for  its  first  airplane.  Two  years 
later  Glenn  Curtiss  flew  an  aircraft  from 
New  York  City  to  Albany,  a  remarkable 
feat  for  the  time.  In  1911  American  fliers 
completed  the  first  continental  flight  across 
the  United  States.  The  trip  naturally  was 
not  non-stop,  but  rather  a  series  of  short 
hops.  Nevertheless,  it  served  to  empha- 
size the  potential  of  the  airplane  as  a  means 
of  transportation  in  the  country. 
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By  World  War  I  the  airplane  itself  had 
taken  on  the  basic  features  of  the  modern 
aircraft.  The  fuselage  was  enclosed,  land- 
ing wheels  were  added,  and  more  efficient 
power  units  were  installed.  Improved 
power  plants  enabled  pilots  to  climb  higher. 
By  1914  planes  reached  altitudes  of  26,000 
feet.  In  1909  the  ceiling  was  around  1900 
feet. 

Air  Transport   in   World   War   I 

The  tremendous  impetus  of  World  War 
I  brought  about  technical  advances  in 
aviation  which  would  have  been  impossible 
in  a  decade  of  peace.  Engines  were  im- 
proved, and  multimotored  aircraft  were 
designed  and  put  into  operation.  The 
airplane  proved  its  value  not  only  in  recon- 
naissance but  also  in  interception  and 
bombardment.  Before  the  war  ended,  air 
transportation  had  proved  its  value  as  a 
weapon  of  national  defense.  The  British 
Royal  Air  Force  started  the  first  scheduled 
air  transport  service  in  May  1918,  with  a 
regular  run  between  London  and  Paris. 
Intensive  wartime  research  vastly  improved 
air  transport  performance  in  terms  of 
power,  speed,  and  reliability. 

Origin  of  Scheduled  Air  Transportation 

The  military  and  commercial  advantages 
of  the  airplane  prompted  most  European 
governments  to  subsidize  commercial  air 
transportation,  resulting  in  the  establish- 
ment of  many  airlines.  By  1926  the  com- 
bined airlines  of  the  United  Kingdom. 
France,  Germany.  Italy,  and  the  Nether- 
lands carried  100,000  passengers  a  year, 
logging  over  9  million  passenger  miles. 
Passengers  of  American  nationality  pre- 
dominated on  the  most  popular  routes,  such 
as  the  one  between  London  and  Paris.     In 


the  United  States,  however,  scheduled  air- 
lines did  not  provide  regular  passenger 
service  even  as  late  as  1926.  Such  passen- 
gers as  were  carried  had  to  wedge  them- 
selves into  small  open-cockpit  planes.  For 
the  privilege  of  enduring  such  discomfort, 
approximately  6.000  passengers  paid  12 
cents  a  mile  fare  to  the  airlines  in  1926. 

The    Government   Airmail    Line 

Up  to  1917  neither  private  American 
enterprise  nor  the  Government  was  ready  to 
adopt  any  system  of  subsidized  commer- 
cial air  transportation. 

A  different  solution  was  reached  when 
Congress,  now  aware  of  the  proved  value 
of  the  airplane  in  national  defense,  granted 
the  Post  Office  Department  an  initial  ap- 
proportion  of  $100,000  for  airmail  trans- 
port in  March  1917.  As  early  as  1911,  Post 
Office  officials — attracted  by  the  speed  of 
the  airplane — had  requested  such  funds. 


U.  S.  Air  Force 


Army  flyers,  Colonel  Castle  and  Lt.  Proctor,  standing 
by  their  plane,  January  7,  1919,  during  the  Wash- 
ington to  New  York  aerial  mail  route  mapping  tour. 
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Three-motor  I.  W.  F.  "Owl"  heavy  bomber,  1922. 
Originally  designed  for  mail  service,  the  plane  was 
converted  into  a  heavy  bomber  for  the  Army.  It 
had  a  maximum  speed  of  106  MPH  and  was 
powered  by  three  Liberty  engines. 

Scheduled  air  transportation,  or  airline 
flying,  in  the  United  States  began  on  15 
May  1918.  The  Post  Office  Department, 
with  the  help  of  Army  pilots,  opened  an 
airmail  route  between  Washington  and  New 
York.  For  one  accustomed  to  the  routine 
matter-of-fact  operation  of  today's  air- 
liners, the  faltering  nature  of  this  early  start 
is  hard  to  imagine.  Young  nations  now 
struggling  to  establish  similar  air  services 
may  perhaps  take  heart  from  this  experi- 
ence which  is  described  in  the  following 
account : 

This  service  was  launched  on  May  15, 
1918,  in  the  presence  of  President  Wilson, 
cabinet  members,  and  diplomatic  digni- 
taries. Four  sacks  of  mail  were  loaded 
aboard  the  plane,  but  the  engine  refused 
to  start  for  a  very  simple  reason :  its  fuel 
tanks  were  empty.  A  nearby  plane  then 
was  drained  to  provide  fuel.  The  mail 
plane  finally  got  under  way  but  missed 
the  route  to  New  York  and  landed  on  a 
Maryland  farm,  25  miles  from  Washing- 
ton. The  plane  from  New  York  to  Wash- 
ington made  a  better  showing,  reaching 
Washington  in  3  hours  and  20  minutes. 
In  the  first  month,  only  one-third  of  the 
scheduled  trips  between  these  two  cities 
were  completed;  flying  time  averaged  4 
hours. -' 


■Reprinted  from  Air  Transportation  Manage- 
ment by  J.  L.  Nicholson  by  permission  of  J.  Wi- 
ley &  Sons,  Inc.     Copyright  1951. 


Army  Air  Service  Martin  transport,  1922. 
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President  Wilson,  Secretary  of  Navy  Josephus 
Daniels,  and  the  pilot,  Major  Reyben  H.  Fleet  at 
the  inauguration  of  the  first  air  mail  service,  Wash- 
ington, D.  C,  May  1  5,  1  91  8.  -^T        U.  S.  Air  Force  Phot( 


This  initial  airmail  service  had  little  com- 
mercial value.  Though  delivery  was  poor, 
the  cost  of  a  letter  was  high.  Consequently 
considerable  skepticism  developed  regarding 
the  potentialities  of  air  transport. 

The  Federal  Government  also  came 
under  fire  for  launching  an  untried  air  trans- 
portation experiment  while  the  nation  was 
engaged  in  war.  It  was  therefore  in  the 
face  of  much  opposition  that  the  Post  Office 
Department  continued  its  pioneering  efforts 
to  develop  the  new  medium  of  travel.  Sen- 
ice  was  begun  in  1919  between  New  York 
and  Chicago  and  extended  to  San  Francisco 
during  the  following  year.  Although  other 
routes  were  also  opened,  it  was  necessary  to 
abandon  them  in  1921  in  order  to  concen- 
trate all  efforts  on  the  transcontinental 
service. 

In  1922  the  Post  Office  Department  un- 
dertook the  unprecedented  step  of  adapting 
airplanes  and  airports  for  scheduled  night 
flying.  It  had  been  apparent  for  some  time 
that  airmail  must  be  flown  straight  through 
from  coast  to  coast  if  it  was  to  compete  with 
the  first-class  mail  on  trains.  Yet.  all  over 
the  world,  night  flying  was  considered  so 
hazardous  for  regular  operation  that  Euro- 


pean airlines  shied  away  from  the  problem 
until  the  eve  of  World  War  II. 

By  establishing  beacon  lights  along  the 
transcontinental  run  at  10-mile  intervals 
and  constructing  emergency  landing  fields 
approximately  even-  30  miles,  the  Post 
Office  established  the  world's  first  lighted 
airway.  On  the  lighted  airway  between 
Chicago  and  Cheyenne.  Wyo..  the  world's 
first  regular  night  service  was  inaugurated 
on  1  July  1924.  Through  transcontinental 
airmail  service  was  soon  established  with 
schedules  of  34  hours  20  minutes  westbound, 
and  29  hours  15  minutes  eastbound.  This 
day-and-night  airway  from  coast  to  coast  be- 
came the  central  trunk  of  a  growing  and 
spreading  tree  of  regional  branch  lines. 

Though  day-and-night  airway  service 
from  coast  to  coast  had  moulded  regional 
lines  into  a  national  airways  system,  knotty 
problems  of  air  transportation  still  remained 
to  be  solved.  No  substantial  progress  had 
been  made  in  two-way  radio  communica- 
tion with  planes,  adequate  weather  report- 
ing, development  of  an  efficient  aircraft. 
or  in  methods  of  coping  with  bad  weather 
conditions. 


Route  of  round  trip  transcontinental  flight  of  Martin  bomber,  October-December  1923. 
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On  this  latter  point,  Thomas  Wolfe,  an 
authority  on  airlines,  comments: 

The  Post  Office  officials  were  partic- 
ularly disappointed  in  their  failure  to 
develop  techniques  to  meet  hazardous 
weather  .  .  .  Stubborn  insistence  on 
[an  all-weather  flying]  policy  led  to 
mounting  pilot  fatalities  ...  In  1921. 
there  were  12  pilots  killed  in  crashes,  and 
the  average  life  expectancy  of  the  group 
was  not  above  four  years.  This  condi- 
tion led  the  pilots  to  strike  ...  A  com- 
promise was  reached  whereby  the  station 
manager,  rather  than  a  distant  Post  Of- 
fice official,  was  given  final  authority  to 
order  a  flight.  Thereafter  operations 
were  gradually  smoothed  out  until  by 
1926  there  was  only  one  pilot  fatality.3 

Start  of  Commercial   Airlines 

By  1925  the  Government  considered  that 
its  pioneering  had  progressed  to  the  point 
where  private  operation  of  air  transporta- 
tion appeared  practical.  Establishment  of 
commercial  airlines  was  urged  by  aircraft 
manufacturers,  general  aviation  operators, 
and  Government  officials  anxious  to  pro- 
mote national  defense.  Despite  the  many 
obstacles  to  commercial  aviation,  both  busi- 
ness and  Government  supported  legislation 
providing  for  the  carrying  of  airmail  by 
private  contractors  on  a  commercial  basis. 
Under  the  Kelly  Air  Mail  Act  of  1925,  air- 
lines were  to  be  paid  on  a  contract  basis  for 
carrying  the  mail.  This  act  and  its  amend- 
ments created  an  economic  basis  for  a  com- 
mercial air  transport  industry. 

Private  capital  was  readily  attracted  to 
the  industry  and  a  number  of  airlines  were 
organized  and  started  operating  during  the 
latter  1920's.  The  Post  Office  Department, 
fully  aware  of  the  limited  capabilities  of 
these  newly  formed  companies,  gradually 
weaned  them  by  awarding  "feeder"  routes 
to  the  New  York-San  Francisco  service.  In 
September  1927  the  Post  Office  turned  over 
the  transcontinental  route,  or  "Columbia 
Line,"  to  private  operators,  who,  except  for 


a  brief  period  in  1934,  have  flown  the  mail 
under  Government  contract  ever  since.  In 
effect,  this  action  on  the  part  of  the  Govern- 
ment amounted  to  a  policy  of  indirect 
subsidization. 

Moreover,  Congress  accepted  the  view 
that  it  was  a  responsibility  of  the  Federal 
Government  to  build,  maintain,  and  regulate 
the  airways  without  which  air  carriers  could 
not  have  continued  systematic  operations. 
This  policy,  expressed  in  the  Air  Commerce 
Act  of  1926,  was  consistent  with  govern- 
mental action  in  the  realm  of  ocean  naviga- 
tion. Responsibility  for  the  airways  was 
given  to  the  Department  of  Commerce. 

Regular  commercial  air  service  in  the 
United  States  actually  started  early  in  1926, 
when  a  company  organized  by  Henry  Ford 
began  carrying  mail  on  the  Detroit-Cleve- 
land-Chicago route.  With  William  B. 
Stout,  a  pioneer  aviation  engineer,  as  con- 
sultant, Ford  developed  the  famous  Ford 
all-metal  transport  ship  built  first  with  one 
motor  and  later  with  three  motors.  A  great 
improvement  over  the  DeHavilland,  the 
Ford  Trimotor  became  the  faithful  pack- 
horse  of  early  commercial  aviation. 

In  the  first  years  of  private  commercial 
operation,  the  airlines  struggled  along  with 
small  or  no  profits,  despite  the  development 
of  large  combinations  or  trusts  among  air- 
plane, engine,  and  transport  companies. 
Then  suddenly,  the  airlines,  a  small  five 
million  dollar  industry,  found  themselves 
riding  high  on  the  crest  of  a  wave  of  air- 
mindedness.     This  enthusiasm  for  the  air- 

U.  S.  Air  Force  Photo 


3  Reprinted  from  Air  Transportation  by  Thom- 
as Wolfe  by  permission  of  McGraw-Hill  Book 
Co.     Copyright  1950. 


Ford  trimotor  transport,  purchased  by  the  U.  S.  Navy, 
1927. 
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plane  was  engendered  largely  by  the  spec- 
tacular transatlantic  solo  flight  of  Charles  A. 
Lindbergh  in  1927.  and  heightened  by  a 
series  of  other  sensational  flights  and  records. 
A  boom  in  aviation  investments  brought  44 
scheduled  airlines  into  existence  by  1929, 
and  trusts  mushroomed  into  supertrusts. 
The  years  1927  to  1930  saw  the  greatest 
expansion  in  the  history  of  early  aviation. 

Airmail    Routes 

By  1926  domestic  airmail  routes  in  the 
United  States  totaled  little  more  than  2,800 
miles.  During  the  first  year  of  operation 
by  private  contractors,  route  mileage  tripled 
and  bv  1928  exceeded  15.000  miles.     Pros- 


perity and  the  aviation  boom  of  the  late 
twenties  pushed  route  length  to  30,000  miles 
by  1930.  Since  there  was  virtually  no 
further  expansion  until  1938,  this  was  essen- 
tially the  network  of  Government  airways 
and  commercial  airline  systems  that  was  to 
serve  the  country  until  the  eve  of  World 
War   II. 

Despite  concerted  efforts  by  some  com- 
panies to  increase  passenger  traffic,  the  air- 
lines depended  primarily  on  airmail  revenue. 
By  the  winter  of  1928  most  of  the  mail-carry- 
ing lines  were  operating  planes  with  closed 
cabins  for  at  least  four  passengers.  How- 
ever, passengers  were  not  carried  regularly- 
even    between    New    York    and    Chicago. 


U.   S.   AIRLINE  GROWTH.    1926- 

55 

As  of  Dec    31 

Operators 

Aircraft 

in 
service 

Average 
available 
seats  ' 

Route 

mileage 

operated  2 

1 926 

13 

(') 

0) 

(') 

192" 

18 

(') 

(5) 

(») 

1928 

34 

268 

(3) 

(5) 

1929 

38 

442 

(3) 

P) 

1930 

43 

497 

(') 

30.  293 

1931 

39 

490 

(') 

30.  857 

1932 

32 

456 

6.  61 

28.  956 

1933 

25 

418 

-.  59 

28.  283 

1934 

24 

423 

8  86 

28.  609 

1935 

26 

363 

10.  33 

29.  190 

1936 

24 

280 

10.  6" 

29.  797 

193- 

22 

291 

12.  52 

32.  006 

1938 

'  16 

'  260 

13.  91 

1  34.  879 

1939 

5  18 

'  2-6 

14.  66 

•  36.  654 

1940 

19 

369 

16.  54 

42.  757 

1941 

19 

3"0 

17.  54 

45.  163 

1942 

19 

186 

17.91 

41.  596 

1943 

19 

204 

18.  34 

42.  537 

1944 

19 

288 

19.05 

47.  384 

1945 

20 

421 

19.68 

"48.516 

1946 

24 

674 

25.  25 

•53.981 

194" 

28 

810 

29.93 

fi62.  215 

1948 

31 

878 

32.  37 

■  68.  702 

1949 

J7 

913 

35.03 

"  72.  667 

1950 

38 

960 

37.4-' 

*  77.  440 

1951 

38 

981 

39.  55 

•78.913 

1952 

35 

1.078 

42.  7] 

•  77,  894 

1953 

32 

1.  139 

46.  0- 

•  78.  384 

1054 

32 

1.  175 

50.07 

■  -8.  294 

1955 

31 

1.212 

51.  62 

s  78.  992 

'  Obtained  by  dividing  passenger  sea:  miles  by  revenue  miles  flown  in  passenger  service. 
■'  For  the  years  1938-48  route  mileage  operated  is  a  weighted  average  for  the  month  of  December 
for  1949  and  subsequent  years  the  route  mileage  operated  is  based  on  the  fourth  quarter. 
1  Not  available. 

'  Does  not  include  Colonial  and  Marine  Airlines. 
*  Does  not  include  Marine  Airlines. 
'  Data  subsequent  to  1944  based  on  revised  CAB  procedures. 

•Source  Operators,  average  available  seats,  route  mileage:    1926-3^   CAA.     1938-55-Office  of 
Carrier  Accounts  and  Statistics.  CAB.      Aircraft  in  service:   1926-55-CAA. 
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Neither  the  efficiency  of  the  airplane  nor 
the  mood  of  the  traveling  public  had 
progressed  sufficiently  for  profitable  passen- 
ger operation.  Even  the  exclusive  passenger 
service  operated  by  Western  Air  Express,  the 
first  of  the  early  contractors  to  carry  pas- 
sengers, lost  the  line  about  $250,000  a  year. 

Growth   of   Passenger  Traffic 

The  Wall  Street  collapse  of  1929  brought 
disaster  to  many  airlines  and  led  to  the 
passage  of  the  McNary-Watres  Act  of  1930. 
Under  this  act  the  Government  encouraged 
the  development  of  passenger  traffic  by 
varying  mail  payments  in  accordance  with 
the  provision  by  the  airline  of  increased 
space  and  various  facilities  for  passenger 
safety  and  comfort.  Largely  as  a  result  of 
this  legislation,  airline  passenger  accommo- 
dations improved  materially,  and  passenger 
traffic  on  domestic  air  routes  increased  sub- 
stantially. Other  important  contributing 
factors  were  the  renewed  aggressiveness  of 
the  airlines  and  the  technological  improve- 
ment of  the  airplane  and  the  airways. 
These  developments  greatly  increased  both 
the  efficiency  and  safety  of  air  travel. 

With  the  advent  of  the  Roosevelt  admin- 
istration in  1933,  airline  control  was  di- 
vorced from  aircraft  plants,  and  airline 
profits  were  drastically  reduced  by  lowering 
airmail  payments.  This  governmental  pol- 
icy forced  the  airlines  to  turn  to  passenger 
and  express  revenue  for  their  main  source 
of  income.  Fortunately  for  the  air  trans- 
portation industry,  technological  improve- 
ment of  the  airplane  had  been  advancing 
steadily  since  1925  and  was  on  the  verge 
of  revolutionizing  air  economics. 

One  authority  on  airline  management, 
Thomas  Wolfe,  put  it  this  way.  "Neither 
promotion  nor  government  subsidy  could 
create  a  plane  that  would  fly  cheaply.  This 
could  be  accomplished  only  by  invention. 
Though  this  drama  was  enacted  in  the  lab- 
oratories and  machine  shops,  governmental 
policy  was  partly  responsible.  As  a  result 
of  the  Morrow  Board  Report  of  1926,  the 
United  States  had  adopted  "an  air  policy 


concerned  mainly  with  the  development  of 
aircraft  as  primary  vehicles  of  peaceful 
commerce."  *  This  permitted  the  thread  of 
technological  progress  to  continue  unbrok- 
en, albeit  with  insubstantial  appropriations 
for  the  air  power  of  a  great  nation."' 

Major  technical  advances  made  between 
1925  and  1936  included  the  increase  of 
wing  loading  and  the  development  of  multi- 
motor  ships,  engine  nacelles,  cantilever 
wings,  and  high  octane  gasoline.  The  first 
airplanes  to  incorporate  all  these  aerody- 
namic improvements  were  the  Boeing  247 
and  the  Douglas  DC-2  and  DC-3,  which 
made  their  appearance  as  air  transports  in 
1933-36. 

With  planes  such  as  these,  the  engineers 
won  the  battle  of  economy.  The  ton-mile 
cost,  the  unit  of  efficiency  commonly  em- 
ployed in  air  transportation,  was  slashed 
by  the  DC-3  to  less  than  25  percent  of  the 
ton-mile  cost  of  the  early  DeHavilland. 
Even  the  Ford  Trimotor  was  inefficient  by 
comparison. 

The  equally  important  progress  in  the 
development  and  expansion  of  safe  airways 
during  the  1930's  likewise  contributed  to 
the  efficiency  of  air  transportation.  The 
Government  established  more  airway  facili- 
ties, consisting  principally  of  revolving  bea- 
con lights,  radio  range  and  broadcast 
stations,  weather  teletype  service,  and 
emergency  fields. 

By  1934-35  the  airway  facilities  were 
about  adequate  for  the  flight  requirements 
of  the  period.  Between  1929  and  1939 
radio  broadcasting  stations  almost  tripled 
in  number,  radio  range  beacon  stations  in- 
creased from  9  to  244.  Simultaneously,  the 
number  of  weather  stations  serving  the 
needs  of  air  transportation  jumped  sixfold, 
and   the  number  of  lighted   airways  more 

'  G.  L.  Wilson  and  L.  A.  Bryan  Air  Transpor- 
tation (New  York,  1949),  p.  40. 

'  The  Morrow  Board  recommended  that  a  pro- 
curement program  should  be  initiated  to  develop 
better  equipment.  The  encouragement  to  re- 
search and  development  resulting  from  this  policy 
led  eventually  to  the  production  of  the  B-17 
Flying  Fortress  by  Boeing  and  the  P-38  by  Curtiss. 
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than  doubled.    By  1939  the  lighted  porpor- 
tion  of  airways  had  increased  to  74  percent. 

Safety   Factor 

However,  adequate  volume  of  travel,  es- 
sential to  successful  commercial  air  trans- 
portation, still  eluded  the  airlines.  Fear  of 
flying  continued  to  keep  many  people  from 
traveling  by  air.     The  general   public   re- 


mained highly  sensitive  to  news  of  spec- 
tacular air  crashes.  In  1934,  for  instance, 
less  than  half  the  available  airplane  seats 
were  filled  by  revenue  passengers,  although 
a  record-breaking  total  of  half  a  million  pas- 
sengers was  carried.  Unless  the  new  planes 
flew  with  loads  approximating  two-thirds 
capacity,  their  potential  efficiency  could  not 
be  realized  and  costs  would  remain  high. 


Air  Force  Photo 


Lockheed  Vega,  light  transport,  1933. 
United  Airlines  Boeing  transport  in  early  1930's. 


U.  S.  Air  Force  Photo 


Douglas  DC-1   used  by  TWA  in  1933  as  air  mail  plane.  U.  S.  Air  Force  Photo 


Success  in  overcoming  fear  of  flying  was 
directly  related  to  the  advance  in  safety, 
which  now  registered  steady  gains,  largely 
as  a  result  of  the  introduction  of  better 
equipment  and  improved  air  facilities.  The 
general  trend  of  the  accident  curve  for  air 
carriers  has  been  steeply  downward  since 
1929.  It  dropped  from  an  average  rate  of 
26  passenger  fatalities  per  100  million  pas- 
senger miles  in  1929  to  approximately  2  such 
fatalities  per  100  million  passenger  miles  in 
1940.  Thus,  within  15  years  of  the  start  of 
scheduled  air  operations  in  1926.  the  com- 
mercial airlines  attained  a  safety  record 
reached  by  rail  carriers  70  years  after  the 
initiation  of  rail  transportation. 
Promotional   Activities 

Promotional  activities  of  the  airlines  also 
contributed  to  the  steady  growth  of  air  pas- 
senger traffic  which  now  ensued.  Freed  in 
1934  of  traditional  restraints  and  forced  to 
scramble  for  passenger  business,  the  airline 
managers  employed  the  most  up-to-date  ad- 
vertising methods  in  their  promotional  pub- 
licity and  pioneered  in  means  of  increasing 
the  attractiveness  of  airline  service.  They 
began  to  provide  passengers  with  many  extra 
conveniences  to  make  trips  more  pleasant, 
furnishing  meals,  stationer)-,  maps,  picture 
postcards,  newspapers,  magazines,  blankets 
and  first-aid  medicines,  and  help  in  the  care 
of  children. 

Reduction   in    Fares 

Reduction  in  fares  now  made  air  trans- 
portation competitive  with  first-class  Pull- 
man rail  travel.  The  price  per  passenger 
mile  in  domestic  air  transport  dropped  from 
12  cents  a  mile  in  1929  to  an  average  of  5.4 
cents  in  1935  and  5.2  cents  in  1938 — a  level 
maintained,  with  some  fluctuations,  well 
into  the  1950's.  This  reduction  in  fares  was 
only  partly  due  to  increased  efficiency  of 
operation  and  competition  among  air  car- 
riers; mail  contracts  also  played  a  role,  for 
they  permitted  the  airlines  to  distribute  the 
costs  of  operation  over  mail  service  and 
passenger  transport. 
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Speed   and   Frequency   in   Schedule 

Fundamental  of  course  in  appeal  to  the 
traveling  public  then  as  now  are  the  ad- 
vantages of  speed  and  frequency  of  schedule 
offered  by  the  airlines  in  passenger  traffic. 
No  other  means  of  transportation  has  been 
able  to  match  them  in  this  combination  of 
services.  Air  transport  offered  increasingly 
frequent  schedules  between  the  great  com- 
mercial, industrial,  and  political  centers  of 
activity. 


AIRLIFT   CAPABILITY   OF   UNITED   STATES 
CARRIERS  ON  EVE  OF  WORLD  WAR  II 

While  domestic  route  mileage  stood  at 
37,500  in  1940,  the  foreign  routes  developed 
and  operated  by  American-flag  services  to- 
taled 46,000  miles.  In  1926  foreign  routes 
operated  by  United  States  air  carriers  con- 
sisted of  only  two  short  lines  covering  152 
miles.  Major  expansion  began  in  1929  when 
Pan  American  Airways  opened  some  10,000 
miles  of  routes  to  the  West  Indies,  Central 


America,  the  Canal  Zone,  the  entire  West 
Coast  of  South  America,  and  Buenos  Aires. 
In  1930  further  extensions  of  air  service  in 
Latin  America  almost  doubled  this  route 
mileage. 

Five  years  later  transpacific  air  service 
was  initiated  by  way  of  Honolulu  and 
Manila,  illustrating  the  importance  of  po- 
litical control  of  key  landing  areas.  This 
brought  total  foreign  airmail  route  mileage 
operated  by  United  States  carriers  up  to 
32,800  in  1935.  Since  then  there  have  been 
more  miles  of  foreign  than  of  domestic 
routes. 

Between  1935  and  1940  foreign  route 
mileage  grew  to  46,000  miles.  Scheduled 
transatlantic  service  was  pioneered  in  1939 
after  much  preliminary  effort.  In  1940 
new  Pacific  routes  were  opened  from 
Seattle  to  Alaska  and  from  Honolulu  across 
the  South  Pacific  to  New  Zealand.  Thus, 
in  the  space  of  14  years,  the  international 
air  transportation  system  operated  by 
United  States  carriers  grew  from  a  tiny 
shuttle  service  to  a  great  network  spanning 
two  oceans  and  linking  five  continents. 

Transportation   of   Passengers 

In  1926  the  domestic  airlines,  which  had 
no  regular  scheduled  air  passenger  service, 
carried  only  some  6,000  passengers  along 
with  mail  cargo.  Just  before  United  States 
entry  into  World  War  II,  they  transported 
2.9  million  passengers  annually. 


Territorial  and  foreign  airline  routes  of  the  United  States,  September  1940. 


NOTE     ROUTES   IN   CHINA  ARE  45   PERCENT 

AMERICAN-OWNED.   AMERICAN-OWNED 
LOCAL   ROUTES   IN  ALASKA,   HAWAIIAN 
ISLANDS,    CENTRAL    AMERICA,    AND 
COLOMBIA   NOT   SHOWN. 


SANTIAGO," 


V BUENOS  AIRES        CIVIl  AERONAUTICS  BOARC 


Revenue  passenger  miles  are  a  better  cri- 
terion of  growth  than  the  number  of  passen- 
gers, as  the  latter  are  reported  separately  by 
each  carrier  and  the  total  therefore  includes 
considerable  duplication.  A  passenger  mile, 
as  defined  by  the  Civil  Aeronautics  Board 
(CAB) ,  is  a  measure  of  the  volume  of  traffic 
representing  the  equivalent  of  one  passenger 
transported  one  mile.  Generally,  a  passen- 
ger mile  means  a  revenue  passenger  mile, 
that  is,  one  flown  for  revenue  purposes. 
Domestic    passenger    miles    increased    over 


1,000  percent  between  1930  and  1941. 
Passenger  miles  flown  increased  from  127.4 
million  in  1932  to  1,506.3  million  in  1941. 
By  1946  this  figure  had  increased  to  6,068.3 
million,  and  by  1953  to  15,337.8  million 
miles. 

As  measured  by  the  number  of  passenger 
miles  flown  per  mile  of  route  operated, 
traffic  density  increased  rapidly  during  the 
1930's  and  by  the  time  of  World  War  II 
far  exceeded  that  of  anv  other  country. 


SCHEDULE  AIR  CARRIER  OPERATIONS-DOMESTIC 

Annual  Data-Passenger-Miles  Flown,  1932-50  [In  thousands] 


Year 


Total 


127, 

174, 

189, 

316, 

438, 

481, 

560, 

755, 

1,  157, 

1,506, 

1,  501, 

1,670, 

2,211, 

3,  408, 

6,  068, 

6,  313, 

6,  245, 

7,065, 

8,351, 


433 
820 
806 
336 
989 
116 
660 
118 
900 
303 
279 
935 
905 
290 
315 
312 
745 
199 
745 


Revenue 


(2) 

(2) 

(2) 

(2) 

(2) 
411,545 
479, 844 
682,  904 
052,  156 
384,733 
418,042 
634,  135 
178,207 
362,  455 
947, 956 
109,  508 
980,  993 
752,  622 
002,  825 


Nonrevenue  ' 


(2) 
(2) 
(2) 
(2) 
(2) 
69,  571 
80,816 
72,214 
105,744 
121,570 
83,  237 
36,  800 
33,  698 
45,  835 
120, 359 
203,  804 
264,  752 
312,577 
348, 920 


1  Not  reported  separately  prior  to  May  1936.         2  Not  available. 
Source:    1932-37— CAA.     1938-50— Bureau  of  Air  Operations,   CAB. 


1       FISCAL    YEAR 

SOURCE:   CIVIL   AERONAUTICS  AUTHORITY.  "EUROPEAN  AIR  TRANSPORT  ON  THE   EVE  OF  WAR" 
J.    P.    VAN    ZANDT.    "JOURNAL    OF   THE    ROYAL    AERO   SOCIETY,"    LONDON.   SEPT     1940. 
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Increased    Cargo    Carrying    Capability 

Although  the  domestic  airlines  in  1940 
carried  over  four  times  the  mail  ton-miles 
flown  in  1930,  their  dependence  on  income 
from  mail  steadily  decreased.  Whereas 
transportation  of  mail  was  formerly  the  chief 
source  of  revenue  for  the  airlines,  passenger 
business  has  contributed  since  1935  a  larger 
portion  of  the  revenue.  In  1940  mail  pay- 
ments accounted  for  only  29  percent  of  the 
air  carriers'  revenue  as  contrasted  with  92 
percent  in  1931.  In  1940  payments  to  air 
carriers  for  transporting  mail  nevertheless 
amounted  to  a  substantial  sum,  $18.8  mil- 
lions. Geographically,  airmail  and  express 
transport  services  were  far  more  widespread 
than  passenger  traffic,  which  continued  to 
be  concentrated  in  the  industrial  section  of 
the  East. 

In  addition  to  passengers  and  mail,  the 
scheduled  airlines  also  transported  a  small 
volume  of  express  and  freight  on  the  eve 
of  World  War  II. 

By  1940  the  greatly  increased  volume  of 
overall  business  was  carried  by  fewer  but 
more  efficient  aircraft.  The  number  of 
planes  in  service  and  reserve  on  domestic 
scheduled  airlines  decreased  from  497  in 
1930  to  358  in  1940.  This  decrease  was 
offset  by  the  increase  in  the  average  num- 
ber of  seats  per  plane  which  rose  from  6.6 
in  1932  to  16.5  in  1940.  Aircraft  were  in- 
tensively used  in  1940,  flying  an  average  of 
over  300,000  miles  on  domestic  routes. 
Those  on  foreign  routes  flew  nearly  1 1  mil- 
lion revenue  miles  for  an  average  of  130,000 
miles  per  plane. 


Mail  Traffic  of  United  States  Airlines,  1929-40 
[In  millions] 


Year 

Ton-miles, 
domestic 

Pounds, 
domestic 

Pounds, 
foreign 

1929 

7.  1 

8.0 

9.  1 

7.4 

7.4 

7.4 

13.3 

17.7 

19.5 

22.9 

26.9 

32.8 

0.  7 

1930 

0.  5 

1931 

0.  5 

1932 

0.  5 

1933 

0.  2 

1934 

2.  5 
4.  1 
5.7 
6.7 
7.  4 
8.6 
10.0 

0.  2 

1935 

0.  3 

1936 

0.  3 

1937 

0.  4 

1938 

0.  5 

1939 

0.  7 

1940 

1.  0 

Source:  Civil  Aeronautics  Administration. 

The  importance  of  the  vastly  augmented 
airlift  capability  of  the  airlines  of  the  United 
States,  with  respect  both  to  domestic  opera- 
tions and  foreign  flying  experience,  was  soon 
to  be  demonstrated  in  the  fire  and  heat  of 
combat.  The  farsighted  policy  of  Post  Office 
officials  like  Otto  Praeger,  who  in  1917-18 
pushed  for  the  starting  and  development  of 
United  States  airmail  service,  was  finally 
vindicated.  Before  turning  to  the  role  of 
the  airlines  in  World  War  II,  it  is  well  to 
summarize  briefly  the  invaluable  function 
performed  by  the  Federal  Government  in 
developing  our  civil  aviation  capability. 


Miles  of  Express  Route  and  Volume  of  Airfreight  and  Express  Transported   by   United 
States  Air  Carriers,  1930.  1935  and  1940    [000  omitted] 


Miles  of 
route  ' 

Pounds  of 
air  express 
(domestic) 

Pounds  of 
air  express 
(foreign  and 
territorial) 

Ton-miles  of 
airfreight 

930 

20 
60 
94 

360 

3,822 
1 2.  506 

109 

1,743 
1,682 

935 

1    090 

940 

3  469 

1  Domestic,  foreign  and  territorial. 
Source:   Civil  Aeronautics  Authoritv. 
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GOVERNMENT   REGULATION   AND   PRO- 
MOTION OF  AIR  TRANSPORTATION 

Between  1918  and  1926  the  Post  Offiee 
Department  pioneered  in  the  development 
of  a  civil  air  network  operating  on  a  sched- 
uled basis,  using  airmail  as  the  basis  for 
getting  the  air  transportation  business 
started.  During  this  period  the  airlines  were 
owned  and  operated  by  the  Federal  Gov- 
ernment. 

When  the  airmail  service  was  turned  over 
to  private  industry  in  1926-27.  the  function 
of  the  Post  Office  Department  became  both 
promotional  and  regulatory.  Through  gen- 
erous mail  contracts  the  department  fostered 
the  development  of  private  air  transporta- 
tion companies.  Through  authority  to  des- 
ignate airmail  routes,  grant  route  extensions, 
and  determine  frequency  of  schedules,  it 
effectively  controlled  both  the  direction  and 
extent  of  the  developing  transportation  sys- 
tem. For  example,  in  1930  Postmaster 
General  Walter  F.  Brown  used  the  powers 
granted  under  the  McNary-Watres  Act  rela- 
tive to  the  conditional  awarding  of  airmail 
contracts  to  promote  two  new  transconti- 
nental runs,  each  under  a  separate  company. 
These  companies,  which  ultimately  became 
members  of  the  domestic  Big  Four,  were 
American  Airlines  and  Trans  World  Air- 
lines. Along  with  the  Columbia  Line,  these 
coast-to-coast  services  laid  down  the  funda- 
mental route  pattern  of  the  country.  All 
were  established  undt  r  the  guidance  of  the 
Federal  Government. 


In  Europe,  air  transport  had  early  been 
recognized  as  an  important  instrument  of 
national  policy  and  defense.  In  the  United 
States,  the  defense  concept  of  civil  aviation, 
while  early  recognized  and  always  accepted 
in  principle,  has  never  been  as  heavily 
stressed.  Upon  occasion,  such  as  in  the  Air 
Mail  Act  of  1934,  this  principle  was  either 
ignored  or  overlooked.  Certainly  considera- 
tions of  national  defense  were  largely  lacking 
when  in  this  act  Congress  proposed  to  re- 
strict the  airmail  services  of  the  country  to 
a  self-supporting  basis. 

Fortunately,  in  1938  Congress  reaffirmed 
its  support  of  air  transportation  as  an  in- 
strument of  national  policy  and  defense 
with  the  passage  of  the  Civil  Aeronautics 
Act.  which  remains  the  basic  legislation  af- 
fecting air  transportation  to  this  day.  The 
new  act  began  with  a  declaration  of  policy 
that  called  for  "the  encouragement  and  de- 
velopment of  an  air  transportation  system 
properly  adapted  to  the  present  and  future 
needs  of  the  foreign  and  domestic  commerce 
of  the  United  States,  of  the  Postal  Service, 
and  of  the  national  defense."  Thus  the  law 
authorized  the  development  of  air  trans- 
portation to  the  maximum  extent,  directing 
that  it  assume  whatever  character  and 
quality  the  national  defense  might  require. 

Moreover,  provision  of  essential  air  navi- 
gation facilities  has  always  been  recognized 
as  a  public  responsibility,  both  for  scheduled 
and  non-scheduled  operations,  on  much 
the  same  principle  that  coastal  navigation 
aids  are  freely  provided  for  vessels  at  sea. 
The  Civil  Aeronautics  Authority  is  respon- 
sible for  the  construction  and  maintenance 
of  airways.  Federal  participation  in  air- 
port development  as  a  permanent  policv 
was  likewise  recommended  to  the  Congress 
by  the  Civil  Aeronautics  Authority  in  1939. 
and  has  become  a  permanent  feature  of  air 
and  ground  facilities  development. 

On  the  eve  of  the  Second  World  War  the 
Federal  Government,  on  the  premise  of  na- 
tional interest,  continued  to  provide  an  ele- 
ment of  direct  aid  in  its  payments  to  air 
carriers    for    the    transportation    of    mail. 
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Government  payments  for  mail  services  in- 
clude a  subsidy  only  to  the  extent  that  the 
sum  paid  is  in  excess  of  a  normal  compen- 
sation for  actual  mail  services  rendered. 
The  fixing  of  this  element  of  direct  aid  so 
as  to  expedite  and  not  retard  the  progress 
of  the  air  transport  industry  toward  an  eco- 
nomically sound  and  stable  condition  is  an 
important  responsibility  of  the  Civil  Aero- 
nautics Board,  established  under  the  1938 
legislation.  The  subsidy  element  in  domes- 
tic airmail  payments  was  on  the  whole  con- 
siderably less  than  the  subsidy  paid  in  most 
other  countries.  In  the  case  of  the  United 
States  carriers  operating  on  overseas  route, 
the  element  of  direct  aid  is  naturally  much 
higher.  The  value  of  this  investment  be- 
came immediately  apparent  with  the  out- 
break of  World  War  II. 


SUMMARY  OF  FOREIGN  AIRLINE  FLYING 
ON  THE   EVE  OF  WORLD  WAR   II 

The  commercial  airlines  of  the  rest  of  the 
world  also  experienced  rapid  expansion  dur- 
ing the  interwar  period.  This  growth 
stemmed  both  from  the  inherent  advantages 
of  air  travel  and  the  stimulation  of  air 
transport  by  many  governments,  particu- 
larly in  Europe. 

Governmental  policy  is  often  reflected  in 
the  geographic  pattern  of  a  nation's  routes, 
just  as  in  the  case  of  its  railroad  network. 
The  pattern  of  railroads  in  European  coun- 
tries appears  on  the  map  in  the  form  of 
wheels  centered  on  such  capitals  as  Paris, 
Berlin,  and  Warsaw  with  strategic  lines 
radiating  outward  like  spokes.  The  greater 
scope  of  air  transportation  is  reflected  both 
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ITALY      UNITED        U.S.A.         U.S.A.      NETHER- 
KINGDOM  AVERAGE  DOMESTIC     LANDS 
source:    CIVIL  AERONAUTICS  AUTHORITY 

1     U.    S     SUBSIDIES    OBTAINED    BY   ARBITRARILY    DEDUCTING    FROM    PAYMENTS   TO 
CARRIERS   AS    EARNED    REVENUE   PER  TON   MILE   DOMESTIC.   S100.   FOREIGN   SI50 

Air  Transport  Subsidies  per  mile  flown,  United  States 
and  principal  European  Countries,  1938. 

nationally,  through  the  linking  of  political 
capitals  and  key  cities  within  a  country,  and 
internationally  by  the  forging  of  air  links 
with  key  overseas  areas. 

The  stress  placed  on  strategic  territorial 
and  overseas  routes  has  already  been  seen 
in  the  case  of  the  expansion  of  foreign  routes 
by  United  States  air  services.  With  its  par- 
tially owned  affiliate,  Panagra  (Pan  Amer- 
ican-Grace Airways),  Pan  American 
Airways  also  participated  in  the  formation 
of  short-range  local  airlines  in  the  interior 
of  South  America.  In  addition  Pan  Amer- 
ican pioneered  the  transpacific  route  to  the 
Philippines,  as  well  as  connections  to  Alaska. 

This  strategic  emphasis  is  also  evident  in 
the  expansion  of  foreign  routes  by  European 
air  carriers.  The  United  Kingdom's  Im- 
perial Airways  extended  its  services  toward 
the  dominions  and  colonies.  French  air- 
lines, which  amalgamated  into  Air  France 
in  1933,  linked  metropolitan  France  with 
the  colonies.  The  Netherlands,  through  its 
national  airline,  KLM,  concentrated  on  the 
East  Indies  service.  Germany's  Deutsche 
Lufthansa,  without  colonies  to  stimulate  its 
overseas  development,  devoted  much  atten- 
tion to  South  America,  where  some  German- 
controlled  airlines  were  established.     In  the 
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ROUTES  OF  AEROVIAS  NACIONALES  DE  COLOMBIA  (AVIANCA)     SEPTEMBER,    1940 


TO   PORT   AU   PRINCE 


TO   MIAMI 


TO   KINGSTON 


BARRANQUILLA 


CORO 


SAN   JOSE^V     ^R'S 
(COSTA  RICA)  ^^A 


/  O 


MARACAIBO 


LA   GUAIRA 


DAVID 
(PANAMA) 


BALBOA   (C.  Z.) 
(PANAMA^CITY,  PAN~)  ) 


MEDELLINl 


ROUTES  OF  AEROVIAS 
NACIONALES   DE   COLOMBIA 
(OVER  50%   AMERICAN   OWNED) 

CONNECTING  AMERICAN 
OWNED  ROUTES 


VENEZUELA 


CALI 


COLOMBIA 


U.  S.  S.  R.  the  same  strategic  impulse  was 
manifested  in  the  expansion  of  Soviet  air 
routes  to  outlying  regions  of  the  Siberian 
Arctic.  Central  Asia,  and  the  Soviet  Far 
East. 

The  period  from  1934  to  1939  was  marked 
by  the  development  of  airport  and  naviga- 
tion facilities  along  the  major  air  routes  of 
the  world.  At  the  same  time  the  use  of 
more  efficient  aircraft  permitted  route  mile- 
age to  double,  miles  flown  to  triple,  and 
the  number  of  revenue  passenger  miles  to 
increase  in  even  greater  proportion.     With 
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the  closing  of  the  North  Atlantic  gap  by  Pan 
American  and  British  Imperial  Airways  in 
the  summer  of  1939,  it  became  possible  for 
the  first  time  to  fly  around  the  world  on 
scheduled  airlines.  Of  the  300  million  air- 
craft miles ,;  flown  a  year  by  the  world's 
scheduled  airlines  in  1939.  nearly  one-half 
(146.2  million)  were  flown  by  United 
States  domestic  and  international  carriers.7 


8  An  aircraft  mile  is  a  measure  of  the  volume  of 
air  traffic  representing  the  equivalent  of  the  flight 
of  one  aircraft  over  a  distance  of  one  mile. 
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AIR   TRANSPORT   IN   WORLD   WAR   II 

When  war  broke  out  in  1939  the  transport 
of  passengers  and  freight  by  air.  although 
growing  rapidly  in  importance,  still  consti- 
tuted only  a  relatively  minor  portion  of  in- 
ternational transoort.  The  only  exception 
was  in  those  parts  of  the  world  where  rugged 
terrain  and  climatic  extremes  made  it  un- 
economical to  develop  much  surface  trans- 
portation, as  in  Colombia  and  Alaska.  Ex- 
cept in  such  regions,  relatively  little  freight 
was  carried  by  air  throughout  the  world. 
A  major  obstacle  to  civilan  expansion  was 
the  lack  of  adequate  ground  facilities  for 
air  operations  in  many  parts  of  the  world/ 

However,  the  military  pressure  of  a  world 
at  war  compressed  decades  of  normal  peace- 
time aviation  development  into  a  few  years. 
Military  urgency  provided  the  impetus 
necessary  to  promote  international  air  trans- 
portation from  a  minor  to  a  major  com- 
ponent of  the  world's  transportation  sys- 
tem. Of  course  many  of  the  cargoes  flown  by- 
air  during  the  war  would  have  been  carried 
by  surface  transport  in  time  of  peace.  The 
logistics  of  war.  calling  for  speed,  placed 
little  stress  upon  economy  of  operation. 

International    Air   Transport   Operations 

How  the  air  transport  picture  changed 
quickly  and  drastically  under  the  exigencies 
of  war  has  been  well  described  by  the 
ICAO : 


'  International  Civil  Aviation  Organization 
(ICAOl,  Memorandum  on  ICAO:  The  Story  of 

;  the  International  Civil  Aviation  Organization 
(Montreal,  1951);  ICAO,  Digest  of  Statistics  Nr 

i  60  (Montreal,  1957),  p.  103. 

'ICAO,  Memorandum  on  ICAO,  p.   10. 

492600   O  -59  -  11 


Huge  military  air  transport  organiza- 
tions were  built  up  on  the  bases  of  existing 
peacetime  international  services.  The 
Royal  Air  Force  Transport  Command, 
which  took  over  a  small  civilian  flying 
organization  ferrying  aircraft  from  North 
American  factories  to  the  United  King- 
dom, expanded  into  a  worldwide  network 
which  carried  passengers  and  freight  to 
all  military  theatres.  In  six  years  of  war 
Transport  Command  ferried  27.000  air- 
craft from  North  America  to  the  various 
combat  areas:  in  just  one  month  alone, 
its  aircraft  flew  nearly  5.000.000  miles, 
carrying  21.000  passengers  and  23.000 
tons  of  freight.  Similarly,  the  Army  Air 
Transport  Command  and  the  Navy  Air 
Transport  Service  became  major  ingredi- 
ents in  the  recipe  of  United  States  military 
power.  They  blazed  a  trail  of  air  routes 
and  landing  fields  around  the  world:  Air 
Transport  Command  routes  alone  cov- 
ered 200.000  miles,  along  which  2.800 
aircraft  flew  more  than  600.000.000  pas- 
senger miles  per  month.  Much  of  the 
success  of  these  transport  services  was  due 
to  the  civil  air  transporting  person- 
nel .  .  .  [furnished]  to  the  military  forces.1' 


Ibid. 


World  War  II  Douglas  C-54  transport. 


World  War  II  Curtiss  C-46  Commando  transport. 


Contributions   of   United   States   Civil 
Aviation   to   the   War   Effort   (1941-1945) 

The  airlines  and  general  aviation  made 
significant  contributions  to  the  successful 
prosecution  of  the  war  in  which  the  nation 
found  itself  engaged  on  7  December  1941. 
While  those  of  general  aviation  were  of  a 
largely  general  aeronautical  nature,  except 
for  the  civilian  pilot  training  program  and 
the  Civil  Air  Patrol,  those  of  the  airlines 
were  on  the  whole  more  direct  and  imme- 
diate in  their  effect  on  the  waging  of  the 
war,  especially  in  the  critical  early  days  when 
our  military  air  power  existed  largely  on 
paper.  Among  the  tasks  performed  by  the 
airlines  during  World  War  II,  the  most  im- 
portant are  described  below: 


(March  1944)  that  the  required  top  produc- 
tion level  was  reached. 


/.  Provided  the  Armed  Forces  with 
Transport  Aircraft.  At  the  outbreak  of  war 
the  airlines  turned  over  324  aircraft,  or  half 
their  domestic  fleet,  to  the  military  forces. 
These  commercial  airliners  formed  the  nu- 
cleus around  which  the  Army  Air  Forces 
and  Navy  were  able  to  build  their  huge 
transport  commands.  In  addition  the  air- 
lines also  delivered  to  the  armed  forces  air- 
planes previously  ordered  for  commercial 
use.  Some  of  these  planes  were  transferred 
even  before  Pearl  Harbor. 

Perhaps  just  as  important  to  the  successful 
prosecution  of  the  war  was  the  healthy  con- 
dition of  the  airline  business  at  the  outbreak 
of  the  war.  Had  the  United  States  lacked 
sound,  thriving,  and  expanding  commercial 
airlines,  the  aircraft  industry  would  not  have 
been  so  technologically  advanced  or  eco- 
nomically important.  Even  with  this  com- 
mercial stimulus,  aircraft  production  was 
inadequate  for  the  immense  military  needs, 
and    it    was    not    until    several    years    later 


2.  Supplied  Key  Personnel.  In  addition 
to  supplying  the  armed  forces  with  aircraft, 
the  airlines  furnished  the  services  with  many 
experienced  executive  personnel  to  set  up 
and  operate  the  transport  commands. 
These  executives  became  commanding 
generals,  deputy  commanders,  chiefs  of  staff, 
etc.  Without  these  top  men,  the  gigantic 
wartime  airlift  operations  described  above 
would  not  have  been  achieved  at  so  early 
a  date. 


3.  Supplied  Many  Technical  Services. 
When  the  war  broke  out.  the  airlines  were 
the  principal  source  of  maintenance  and 
repair  personnel.  The  military  services 
turned  to  these  technicians  for  servicing, 
maintaining,  converting,  and  modifying 
their  aircraft.  They  worked  in  both  airline- 
operated  and  Government-controlled  repair 
shops. 


4.  Furnished  Contract  Flying  Service. 
As  stated  earlier,  the  armed  forces  were  not 
able  to  perform  all  the  flying  functions  de- 
manded by  the  war  effort.  The  airlines  filled 
the  gap  by  supplying  contract  flying  service 
to  ATC  and  NATS.  These  contract  flying 
operations  grew  remarkably  between  1942 
and  1945. 
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Total  Contract  Operations  of  the  Airline  with  ATC  and  MATS 

[000  Omitted] 


Passenger-miles 

Ton-miles 

Plane-miles.  .  .  . 
Hours  flown    . 


1942 


327,  400 

118,300 

65,  800 

407 


1943 


761,200 

247, 900 

95,  000 

593 


1944 


1,259,000 

355,  800 

121,  100 

707 


1945 


1,783,500 

420, 800 

107,  300 

579 


Source:   Reginald  M.  Cleveland,  Air  Transport  at 


5.  Trained  Flying  Personnel.  The  air- 
lines also  helped  the  war  effort  by  training 
navigators,  pilots,  mechanics,  and  meteor- 
ologists for  ATC  and  NATS.  In  addition, 
private  operators  expanded  their  facilities, 
and  trained  thousands  of  fliers  under  the 
Civil  Aeronautics  Administration's  Civilian 
Pilot  Training  Program.  Together,  these 
students  became  the  backbone  of  the  Army, 
Navy,  and  Marine  air  arms. 


6.  Provided  Airbase  Facilities.  Civil  au- 
thorities in  conjunction  with  CAA  estab- 
lished airbase  facilities  for  the  use  of  both 
scheduled  and  non-scheduled  airlines  in 
cities  throughout  the  United  States.  These 
formed  the  nucleus  for  many  military  in- 
stallations when  expansion  of  such  aviation 
facilities  became  vital  to  national  defense. 

7.  Met  Demands  of  Accelerated  War 
Business.  Despite  the  tremendous  inroads 
made  into  the  civil  air  transport  fleet,  the 
airlines  greatly  speeded  up  the  conduct  of 
war   business    through    commercial    airline 


War  (New  York,  1946).  p.  316. 

travel.  Notwithstanding  a  forced  cut  of 
nearly  half  in  daily  scheduled  plane  miles, 
the  airlines  in  1942  were  able  to  carry  82 
percent  of  the  last  prewar  year's  number  of 
passengers.  In  1944,  with  less  than  two- 
thirds  the  transports  operated  in  1941,  the 
airlines  carried  approximately  15  percent 
more  passengers.  Though  limited  to  strictly 
domestic  scheduled  operations,  this  feat  was 
made  possible  by  pushing  up  average  air- 
craft use  from  a  prewar  average  of  6.5  hours 
to  11.5  hours  a  day  in  the  summer  of  1944. 
With  a  load  factor  of  over  90  percent,  it 
became  necessary  to  establish  a  system  of 
priorities  for  air  passengers  and  express. 
Recognition  of  the  importance  of  this  serv- 
ice and  the  availability  of  new  aircraft  en- 
abled the  military  to  return  112  aircraft  to 
the  airlines  in  1944. 

One  of  the  most  significant  developments 
in  domestic  air  cargo  transportation  was  the 
vastly  increased  use  of  air  express.  Air  ex- 
press pound-miles  jumped  fivefold  and  by 
1944  made  up  5  percent  or  more  of  total 
airline  revenue  This  volume  was  indicative 
of  the  potentialities  of  postwar  cargo  serv- 
ice In  1944  the  airlines  operated  14  domes- 
tic cargo  routes  for  the  services  in  t\\r 
United  States.  Eight  airlines  did  contract 
flying  to  war  theaters  for  the  armed  forces. 

Effects   of  War  on   Civil   Aviation 

The  tremendous  wartime  advances  made 
in  the  development  of  aircraft  and  engines 
during  World  War  I  had  a  direct  and  bene- 
ficial effect  on  civil  aviation.  Later,  how- 
ever, benefits  flowed  the  other  way.     The 
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Boeing  Clipper. 


Douglas  C-47  Transport. 


Lockheed  C-1  21   Constellation. 


/ 


Boeing  B-1  7's. 


technological  development  of  civil  aviation 
in  the  1930's  provided  much  of  the  basis 
for  the  rise  of  military  transport  aviation  in 
World  War  II.  During  that  decade  the 
continued  growth  of  the  airlines  and  gen- 
eral aviation  flying  (along  with  small  mili- 
tary appropriations)  nurtured  the  aircraft 
industry  and  technological  research  and  was 
largely  responsible  for  the  extensive  devel- 
opment of  airways  and  ground  air  naviga- 
tion aids.  With  the  coming  of  the  war, 
Boeing  Clippers,  Consolidated  seaplanes, 
and  DC-3's  were  pressed  into  military 
transport  service,  along  with  B-1 7  and  B- 
24  bombers,  to  relieve  the  critical  shortage 
of  vitally  needed  air  transportation  equip- 
ment. Production  was  speeded  on  the 
prototypes  of  the  Douglas  DC-4  and  the 
Lockheed  Constellation,  which  had  been 
flown  before  December  1941. 

Then  during  World  War  II  came  un- 
paralleled scientific  and  technological 
progress,  which  in  turn  profoundly  affected 
civil  aviation.  Effects  of  those  advances  will 
continue  to  be  felt  for  many  years.  Most 
significant,   though   not   of  immediate   im- 


portance, was  the  revolutionary  break- 
through effected  by  German  inventive  and 
technical  genius  in  1944  with  the  large- 
scale  production  and  operational  use  of  jet- 
propelled  and  rocket  fighters  and  of  guided 
missiles.  This  development  was  particu- 
larly significant  because  of  the  limitations  of 
horsepower  output  and  propeller  top  speeds 
in  conventional  aircraft.  Wartime  manu- 
facture and  operational  use  of  jet-propelled 
aircraft  foreshadowed  the  coming  of  a  rev- 
olutionary new  era  in  air  transportation 
within  a,  matter  of  years.  These  and  other 
scientific  and  technological  developments — 
notably  radar — made  possible  much  of  the 
postwar  expansion  of  civil  aviation  through 
improvement  of  equipment  and  airways. 

A  more  immediate  effect  of  the  war,  how- 
ever, was  the  over-optimism  generated  by 
the  achievements  of  wartime  air  trans- 
portation and  the  tremendous  demand  for 
travel  on  the  airlines.  These  factors  con- 
tributed appreciably  to  the  expansion  of  the 
airlines  and  helped  create  the  great  aviation 
crisis  of  1947  in  the  United  States. 


Consolidated  B-24  Liberator. 
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POSTWAR   CIVIL   AVIATION   IN   THE 
UNITED   STATES 

As  the  war  drew  to  a  close,  the  airlines, 
already  carrying  a  record  volume  of  passen- 
ger and  freight  traffic,  found  themselves 
swamped  by  a  big  demand  for  air  travel. 
Part  of  this  demand  undoubtedly  was  due 
to  reduction  in  fares  at  a  time  when  prices 
in  general  were  beginning  to  rise.  The 
basic  passenger  fare  had  just  been  reduced  to 
4.5  cents  a  mile  and  mail  pay  had  dropped 
to  45  cents  a  ton-mile.  These  reductions 
were  part  of  a  compromise  arrangement 
which  followed  a  Civil  Aeronautics  Board 
order  for  a  hearing  on  reducing  the  mail  pay 
of  the  four  largest  lines  from  60  to  32  cents 
a  ton-mile. 

Demobilization  of  millions  of  service  per- 
sonnel swelled  the  heavy  volume  of  airplane 
travel.  Reconversion  of  industry  to  a  peace- 
time footing  was  also  responsible  for  part 
of  the  demand.  The  pent-up  desire  of 
people  to  travel  contributed  further. 

Both  Government  officials  and  airline  ex- 
ecutives were  misled  by  the  heavy  demand 
for  air  travel  and  based  their  plans  on  a 
peacetime  continuation  of  this  patronage. 
Already  large  orders  for  new  equipment 
were  further  increased,  and  projected  route 
expansion  assumed  feverish  proportions. 

With  the  phasing  out  of  the  war,  the  air- 
lines launched  an  ambitious  program  of 
route  expansion.  At  the  same  time,  new  or 
established  carriers  filed  hundreds  of  appli- 
cations for  feeder  routes  with  the  Civil 
Aeronautics  Board.  For  one  carrier  to  pro- 
tect its  territory  against  the  invasion  of  an- 
other, it  had  to  apply  for  still  more  routes 
as  a  defensive  measure.    The  routes  applied 


for  at  one  time  reached  a  fantastic  total 
mileage  more  than  double  the  railroad 
trackage  of  the  country. 

Meanwhile,  the  release  of  thousands  of 
trained  military  aviation  personnel  brought 
many  pilots  into  the  irregular  carrier  field 
(general  aviation).  This  influx  of  person- 
nel, along  with  the  disposal  of  surplus  trans- 
port-type aircraft,  provided  the  basis  for  a 
spectacular  development  of  non-scheduled 
cargo  and  passenger  operations.  By  Sep- 
tember 1944  approximately  500  non-sched- 
uled carriers  were  registered  with  the  Civil 
Aeronautics  Board.  Previously,  irregular 
carriers  such  as  these  had  been  exempt  from 
CAB  economic  regulation.  Soon  after  the 
war  their  competition,  based  largely  on  the 
surging  demand  for  cargo  and  travel  serv- 
ice, became  important  enough  to  warrant 
regulation. 

The   Aviation   Crisis   of    1946—47 

Expanding  their  operations  to  meet  the 
rising  demand,  the  scheduled  domestic  air- 
lines of  the  United  States  in  1946  increased 
their  passenger  revenues  by  65  percent  and 
their  express-freight  revenues  by  30  percent. 

In  spite  of  the  gains  in  business  they 
showed  a  net  loss  of  $7.2  million  during 
1946,  compared  with  a  profit  of  $17  million 
in  1945.  Only  8  of  the  20  carriers  reported 
net  profits.  One  line  came  precariously 
close  to  bankruptcy,  while  others  suffered 
losses  running  well  into  the  millions.  Al- 
though mail  income  had  dropped  by  over 
one-third,  operating  revenues  of  the  industry 
had  risen  almost  50  percent.  This  gain  was 
offset  however  by  a  rise  in  operating  expenses 
of  almost  80  percent.  The  situation  be- 
came so  serious  in  1947  that  a  crisis  de- 
veloped in  American  aviation. 

The  airline  industry  had  to  cancel  much 
of  the  equipment  it  had  en  order  and  began 
to  use  up  its  cash  reserves  and  credit.  In 
the  aircraft  industry  it  became  evident  that 
for  reasons  of  cost  no  new  super  air  trans- 
port could  be  produced  beyond  those  de- 
signs completed  in  1947.  The  Air  Force 
itself  depended  principally  on  aircraft  left 
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over  from  World  War  II.  Nationwide,  the 
production  rate  of  new  equipment  dropped 
even  below  the  obsolescence  rate  of  military 
and  commercial  planes.  Through  loss  of 
jobs  highly  skilled  engineers  and  other  tech- 
nical people  were  forced  to  leave  the  air- 
craft industry.  In  the  air  transportation 
field  many  also  found  the  going  difficult. 

In  short,  both  the  aircraft  industry  and 
the  airlines  were  threatened  with  collapse, 
a  condition  which  would  have  had  disas- 
trous effects  on  military  aviation.  In  the 
year  ending  30  June  1947  the  net  losses  of 
the  airline  industry  mounted  to  critical  pro- 
portions. 
The   President's   Air   Policy   Commission 

To  meet  the  crisis  President  Truman  in 
July  1947  created  the  temporary  Air  Policy 
Commission  to  make  an  objective  inquiry 
into  national  aviation  policies  and  problems, 
and  to  assist  in  formulating  an  integrated 
national  aviation  policy. 

At  the  same  time  a  Congressional  board 
was  appointed  for  a  similar  purpose :  to  in- 
sure insofar  as  possible  the  formulation  of 
complete,    unbiased,    and    independent    re- 


ports on  the  status  of  national  aviation  and 
its  requirements.  It  is  significant  that  the 
two  final  reports  were  virtually  identical  in 
their  observations  and  major  conclusions. 

The  report  of  the  President's  Air  Policy 
Commission,  entitled  Survival  in  the  Air 
Age,  is  a  document  of  major  importance  in 
the  history  of  American  air  power.  This 
1948  report,  along  with  the  Congressional 
report.  Xational  Aviation  Policy,  estab- 
lished the  framework  for  a  new  national  se- 
curity policy  based  on  air  power. 

The  civil  aviation  section  of  the  report 
takes  up  30  pages  and  discusses  the  major 
problems  facing  the  airlines  and  the  Gov- 
ernment. The  findings  and  recommenda- 
tions of  the  President's  Air  Policy  Com- 
mission in  regard  to  airline  flying  are 
summarized  as  follows: 

A.     Subsidization 

1.  The  airlines,  the  most  important 
element  of  civil  aviation,  are  pass- 
ing through  one  of  the  most  seri- 
ous crises  in  their  history. 

2.  The  crisis  is  significant  for  two 
reasons : 
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a.  It  will,  if  not  arrested,  contrib- 
ute to  rapid  deterioration  of 
airline  service  to  the  public. 

b.  Of  even  greater  importance,  it 
will  threaten  the  existence  of 
the  airline  fleet,  which  is  "of 
great  value  to  the  military  serv- 
ices as  a  reserve  in  time  of  war." 

3.  The  airlines,  as  a  potential  mili- 
tary auxiliary,  must  be  made 
strong  and  healthy  once  more. 

4.  The  difficulties  of  the  airlines  are 
attributable  primarily  to  over- 
expansion  based  on  mistaken  as- 
sumptions about  postwar  traffic. 

5.  The  over-all  situation  of  the  air- 
lines is  the  same  as  the  prewar 
situation  in  that  "the  revenue 
from  passengers  and  cargo,  plus  a 
revenue  for  the  carrying  of  the 
mail  roughly  equal  to  the  passen- 
ger rate,  would  not  support  the 
operations  of  many  of  the  airline 
companies." 

6.  If  the  airlines  are  to  continue  in 
operation  and  resume  their  inter- 
rupted progress  toward  self-suf- 
ficiency the  government  will  have 
to  increase  the  mail  rates. 

7.  The  Civil  Aeronautics  Board 
(CAB)  will  have  to  act  quickly 
both  in  determining  new  airmail 
rates  and  in  granting  enough  im- 
mediate mail  pay  to  keep  all  the 
lines  in  business  to  the  extent  re- 
quired by  the  national  interest. 

B.     Safety,    Regularity,     and    Improve- 
ment of  Airlines  and  Airways 

1.  The  question  of  safety  in  com- 
mercial aviation  is  of  prime  im- 
portance because  of  its  psycho- 
logical effect  on  traffic  and  there- 
fore on  the  prosperity  and  self- 
sufficiency  of  the  airlines. 

2.  New  types  of  transport  planes 
being  introduced  into  airline  serv- 
ice should  be  put  through  longer 
test  periods  under  operating  con- 
ditions  approximating   those   un- 


der which  they  will  later  be  flown 
commercially. 

3.  The  lack  of  consideration  for 
safety  shown  by  some  contract 
[irregular]  carriers  reveals  the 
need  for  regulatory  economic 
control  over  their  operations  by 
the  CAB. 

4.  An  increase  in  regularity  of  serv- 
ice on  the  airlines  is  second  only 
to  the  safety  problem. 

5.  A  greatly  improved  nationwide 
system  of  air  traffic  control,  navi- 
gation, and  landing  aids  is  a  top 
priority  for  civil  air  transporta- 
tion as  a  basic  condition  for  real- 
ization of  greater  safety  and 
regularity  on  the  airlines. 

6.  It  is  equally  important  to  expedite 
research  and  development  pro- 
grams in  the  field  of  electronic 
aids  to  aviation,  in  order  to  insure 
that  the  means  of  handling  traffic 
will  keep  pace  with  its  steady 
increase. 

7.  Larger  Government  expenditures 
for  electronic  aids  to  air  traffic 
control,  navigation,  and  landing 
will  do  more  than  anything  else 
foreseeable  to  build  the  airlines 
toward  economic  self-sufficiency. 

8.  Such  expenditures  will  materially 
bolster  certain  phases  of  the  na- 
tional defense. 

9.  The  airlines  themselves  can  im- 
prove their  operations  to  make  air 
travel  more  attractive  to  the  pub- 
lic through  greater  safety  and 
regularity  of  operation ;  in  the  past 
they  have  lost  estimated  millions 
of  dollars  because  of  flight  cancel- 
lations and  irregularity  in  general. 

10.  Congestion  of  traffic  at  airports 
sometimes  causes  delays  in  aircraft 
arrival  even  in  good  weather;  lo- 
cal governmental  action  can  and 
must  remedy  the  basic  situation, 
with  the  assistance  of  the  Federal 
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Government  under  the  Airport 
Act.1" 
11.  Aviation  communications  and 
electronic  aids  are  in  very  unsatis- 
factory condition  on  most  of  the 
international  routes  flown  by 
United  States  carriers;  the  "joint 
support"  program  of  ICAO " 
provides  the  best  and  fairest 
means  of  insuring  the  installation 
of  adequate  aviation  aids  along 
the  air  routes  of  the  world. 


10  The  Federal  Airport  Act  of  1946  authorized 
financial  grants  totaling  $500  million  within  the 
United  States  over  a  7-year  period  and  an  addi- 
tional $20  million  for  Hawaii,  Puerto  Rico,  and 
Alaska.  Local  and  State  expenditures  for  airport 
construction  are  supplemented  by  such  Federal 
funds. 

11  The  International  Civil  Aviation  Organiza- 
tion (ICAO)  grew  out  of  the  international  civil 
aviation  conference  held  in  Chicago  in  1944  and 
was  established  provisionally  the  followng  year 
with  headquarters  in  Canada.  Formal  establish- 
ment came  in  1947.  The  basis  for  this  interna- 
tional governmental  organization  is  the  conven- 
tion on  international  civil  aviation  (Chicago, 
1944).  The  objectives  of  the  organization  are 
to  develop  the  principles  and  techniques  of  in- 
ternational air  navigation  and  to  foster  the  plan- 
ning and  development  of  international  air  trans- 
port. ICAO  is  an  affiliate  of  the  United 
Nations. 


ERA   OF   RECOVERY  AND   EXPANSION 

The  airlines  and  the  Government  now 
cooperated  to  carry  out  the  basic  reforms 
and  improvements  recommended  in  the  re- 
ports of  the  President's  Air  Policy  Commis- 
sion and  the  Congressional  Aviation  Policy 
Board.  Both  the  Government  and  industry 
marshalled  their  resources  to  concentrate  on 
safety  as  their  primary  objective.  Unprec- 
edented progress  was  made  in  the  installa- 
tion of  radio  aids  such  as  ILS  (Instrument 
Landing  System),  VHF  (Very  High  Fre- 
quency) radio  signal  stations,  radar  devices, 
and  high  intensity  approach  lighting  facil- 
ities. 

In  spite  of  these  improvements,  financial 
losses  for  the  airline  industry  as  a  whole 
continued  through  1947,  1948,  and  into 
1949.  Operating  expenses  remained  higher 
than  revenues.  The  reassertion  of  competi- 
tion meant  higher  advertising  and  sales  ex- 
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penditurcs.  The  continuing  spiral  of 
eeneral  prices  resulted  in  increased  labor 
and  material  costs.  The  advent  of  long 
term  financing  with  resultant  debt  charges 
also  tended  to  keep  earnings  down.  The 
CAB  believed  a  partial  solution  of  the  finan- 
cial difficulties  lay  in  the  merger  of  specific 
airlines  and  permitted  some  companies  to 
sell  segments  of  their  routes  to  other  lines. 
Through  approval  of  interchange-of-equip- 
ment  arrangements  between  airlines,  the 
CAB  also  encouraged  more  economical  use 
of  equipment  over  certain  routes  which  did 
not  generate  sufficient  business  to  warrant 
competition  between  two  carriers.1-'  In  ad- 
dition to  granting  higher  temporary  mail 
pay  rates,  the  CAB  also  approved  some  loans 
made  to  the  airline  industry  by  banks,  in- 
surance companies,  and  the  Reconstruction 
Finance  Corporation. 

Offsetting  some  of  the  operating  problems 
which  continued  to  plague  the  airlines  were 
notable  additions  to  airline  transport  air- 
craft. Among  these  were  the  DC— k  DC-6. 
Constellation,  and  Stratocruiser  types. 
These  modern  four-ensrined  aircraft  usually 
cam"  about  50  passengers  at  speeds  up  to 
300  mph.  Smaller  but  very  efficient  two- 
engined  types  were  the  Convair  240  and  the 
Martin  2-0-2.  which  carried  approximately 
the  same  load  as  the  older  DC-2  and  DC-3 
at  speeds  of  better  than  200  mph.  Com- 
parative operating  costs  and  distribution  of 
these  and  later  aircraft  among  the  airlines 
follow. 

By  employing  newer  and  more  thoroughly 
tested  equipment  and  taking  advantage  of 
the  improved  airways,  the  airlines  were  able 
to  increase  the  safety  and  regularity  of  their 
service.     The  vear   1950  saw  the  domestic 


"  Intcrchange-of-equipmcnt  agreements  be- 
tween two  companies  permit  one  plane  to  fly  on 
through  a  connecting  terminal  at  which  the  re- 
spective companies  install  their  crews.  In  the 
foreign  carrier  field  such  arrangements  make  it 
possible  for  a  Panagra  plane  flying  up  the  west 
coast  of  South  America  to  land  in  Panama  where 
Pan  American  charters  the  plane  and  flies  it  on 
to  the  United  States.  This  process  is  reversed 
on  the  return  trip. 


airline  industry  achieving  an  unprecedented 
safety  record.  The  passenger  fatality  rate 
was  only  1.1  per  100  million  passenger  miles 
flown. 

Airline  passenger  business  showed  a 
marked  upturn  in  1949.  and  by  the  latter 
part  of  the  year  the  industry  was  out  of  the 
red.  In  1950  the  industry  experienced  its 
most  successful  year:  with  all  categories  of 
traffic  at  record-breaking  levels  for  two  years 
in  a  row.  the  industry's  profits  were  the 
greatest  since  the  end  of  World  War  II. 
Domestic  air  carrier  operating  revenues  ex- 
ceeded the  half-billion  dollar  mark  for  the 
first  time,  giving  the  airlines  a  net  profit 
of  S63  millions.  About  half  of  this  profit 
would  not  have  been  possible  without  S30 
millions  of  mail  subsidy. 
Continued  Improvement  and 
Expansion,    1950-1957 

The  equipment  of  the  airlines  and  the 
airways  over  which  they  flew  continued  to 
improve  during  the  ensuing  years.  By  1952 
the  Government  was  able  to  announce  the 
opening  for  use  of  46.000  miles  of  new 
"Victor*1  airways.  These  new  airways, 
superimposed  upon  the  existing  low-fre- 
quency ones,  are  equipped  with  very  high 
frequency  |  YHF  |  omnidirectional  ranges 
i  VOR) .  The  advantage  of  the  new  airways 
system  is  that  it  can  be  tuned  in  from  any 
direction  and  provides  guidance  to  aircraft 
off  as  well  as  on  the  10-mile  wide  airways. 
In  contrast  the  low  frequency  system  offers 
bearings  in  only  four  directions  and  is  vul- 
nerable to  signal  interference  in  bad  weather. 
Progress  continued  in  the  installation  of  in- 
strument landing  systems  (ILS)  and  ground- 
controlled  approach  systems    |  GCA   . 

To  meet  the  pilots'  need  for  distance- 
measuring  data  to  complement  the  bearing 
or  directional  information  received  from  the 
YHF  radio  ranges,  the  electronics  industry 
developed  and  produced  new  distance- 
measuring  equipment  iDME).  Installation 
and  operation  of  DME  provides  invaluable 
navigational  help  to  all  pilots  and  speeds 
up  the  increasingly  complicated  tasks  of  the 
CAA  air  traffic  controllers. 
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With  the  expansion  of  civil  and  military 
aviation  there  has  been  a  tremendous  in- 
crease in  the  volume  of  air  traffic  control 
operations.  Traffic  controllers  are  able  to 
handle  the  increase  by  making  more  and 
more  use  of  the  newly  installed  radio  and 
radar  instrument  approach  systems. 

Under  CAA  traffic  control  an  airplane 
lands  or  takes  off  somewhere  in  the  United 
States  every  one  and  one-half  seconds.  In 
1956  CAA  had  42  traffic  towers  each  of 
which  controlled  more  than  100,000  land- 
ings and  take-offs  per  year.  Abroad  there 
was  only  one  tower  in  this  category — at 
London,  England.  CAA's  8,000  traffic  con- 
trollers also  handled  more  than  10,000  in- 
strument flights  daily  and  under  their 
control  military  aircraft  made  9  million  po- 
sition reports  each  year. 

All  air  and  naval  commands  depend  upon 
CAA  traffic  service  every  time  they  send  a 


plane  into  the  controlled  United  States  air 
space.  The  CAA  Administrator  reported  in 
1956  that  the  military  demand  for  CAA  as- 
sistance had  become  so  great  that  the  CAA 
had  had  to  open  a  Central  Altitude  Reserva- 
tion Facility  in  Kansas  City  to  care  for  mili- 
tary requests  from  all  over  the  United 
States.  He  estimated  that  one-third  of  all 
traffic  control  tower  operations  were  de- 
voted to  servicing  aircraft  of  the  general 
aviation  fleet,  which  flew  three  times  as 
many  hours  as  the  airline  fleet.  And  he  an- 
nounced that  CAA  towers,  which  were  re- 
sponsible for  providing  safe  and  speedy 
traffic  control  service  to  some  38  million 
domestic  airline  passengers  in  1955,  were 
preparing  to  handle  93  million  in  1965.13 


1 :1  James  T.  Pyle,  "CAA  and  Air  Traffic  Con- 
trol", U.  S.  Air  Services,  Vol.  41  (August, 
1956),  pp.  17-19. 


Comparison  of  air  and  rail  revenue  passenger-miles. 


1953  1954 

1  2  months  to  date 


°  Excludes  nonscheduled  service  of  certificated  air  carriers  (negligible  in 
amount),  which  cannot  be  identified  as  being  either  first-class  or  coach. 
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The  role  of  the  CAA-controlled  airways 
would  rapidly  become  critical  in  the  event 
of  a  national  emergency.  If  the  United 
States  were  in  imminent  danger  of  attack, 
the  airways  system  would  almost  certainly 
be  placed  under  military  authority.  As  far 
back  as  the  Korean  War,  both  CAA  and  the 
Air  Force  were  studying  plans  to  transfer 
the  airways  to  the  Department  of  Defense 
for  the  duration  of  a  national  emergency. 

So  great  was  the  expansion  of  the  airlines 
during  this  period  that  by  1956  any  one  of 
the  Big  Four  lines  was  larger  than  the  entire 
industry  had  been  ten  years  earlier.  Shoot- 
ing past  the  Pullman  trains  for  the  first  time 
in  1951,  the  airlines  by  1955  had  reversed  the 
1946  Pullman-airline  ratio  of  traffic  com- 
pletely— three  out  of  every  four  long  distance 
passengers  had  shifted  from  Pullman  to  air- 
line service.  Between  1938  and  1955  the 
number  of  airlines  certified  to  operate 
over  specific  routes  increased  from  22  to  59 ; 
aircraft  in  service  rose  from  345  to  1,454; 
and  total  airline  payrolls  climbed  from  $27 
million  to  $526  million. 

Measured  in  terms  of  1939  business,  the 
airlines  far  outdistanced  other  rapidly  grow- 
ing industries.  Air  travel  had  a  30-fold  in- 
crease, compared  with  a  15-fold  increase  for 
plastics,  10-fold  for  aluminum,  and  8-fold 
for  chemicals.  With  United  States  inter- 
national airlines  hauling  over  3.5  million 
passengers  a  year,  more  than  70  percent  of 
all  United  States  overseas  travel  moved  by 
air.  Air  travel  had  become  a  mass  medium 
of  transportation. 

Yet  in  a  period  of  rising  prices  the  cost 
of  an  airline  ticket  in  the  United  States  rose 
only  3.7  percent  between  1939  and  1955. 
Such  economy  was  made  possible  by  the 
continual  addition  of  new  and  improved 
equipment.  With  few  exceptions,  the  new 
airliners  introduced  since  World  War  II 
have  been  bigger,  faster,  and  cheaper  to 
operate  than  their  predecessors. 

Outstanding  additions  to  the  airline  fleet 
during  the  postwar  years  were  the  DC-7  and 
the  British  Viscount.  The  Viscount  was  the 
first  turboprop  transport  to  serve  on  United 
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States  airlines.  The  Lockheed  Electra  be- 
came the  first  United  States-built  commer- 
cial turboprop  aircraft.  Airline  companies 
will  spend  an  estimated  $3  billion  for  new 
jet  and  piston-driven  airliners  during  the 
decade  1956-1965. 

With  the  introduction  and  more  exten- 
sive testing  of  newer  and  more  effk  ient  air- 
craft, the  airlines  have  been  able  to  make 
perhaps  their  greatest  appeal  to  a  mass 
market:  safety.  Through  improvement  of 
Federal  airways  controlled  by  CAA,  thr 
airlines  achieved  a  new  safety  record  in  1954 
— 0.09  fatalities  per  100  million  passenger- 
miles  flown. 

A  very  important  result  of  the  expansion 
during  the  record  period  of  prosperity  was 
the  fact  that  the  12  great  trunk  airlines  had 
freed  themselves  entirely  of  Government 
subsidy  by  1957.  On  the  other  hand,  the 
local  service  or  feeder  airlines  were  dogged 
by  economic  woes  despite  increased  levels 
of  operation  and  continued  to  require 
subsidies. 

Increased   Airlift   Capability: 
Military   Potential 

Expressive  of  the  remarkable  growth  of 
the  scheduled  air  transportation  industry  is 
its  increased  airlift  capacity.  For  example, 
between  the  hours  of  5:00  P.  M.  and  6:00 
P.  M.  during  the  summer  months  of  1955 
the  airlines  had  665  planes  in  the  air  car- 
rying approximately  25,000  passengers  and 
665,000  pounds  of  cargo  including  mail, 
freight,  and  express.14  Figures  from  the 
February  1957  issue  of  Inter avia  clearly 
show  the  extent  of  projected  increases. 
The  entire  domestic  scheduled  airline  fleet 
at  the  end  of  1955  theoretically  was  capa- 
ble of  handling  cargoes  of  3.1  million  ton- 
miles  per  hour.  This  figure  compared 
favorably  with  a  total  of  4.2  million  ton- 
miles  per  hour  that  theoretically  could  be 
developed  by  the  combined  civil  air  fleets 
of  the  United  States,  Canada,  the  United 
Kingdom,  and  Western  Europe. 


14  Aircraft  Industries  Association  of  America, 
Aviation  Facts  and  Figures  (Washington,  1956), 
p.   50. 


With  the  incorporation  by  1960-1962  of 
the  250  Boeing  707's  and  DC-8's  ordered  in 
these  four  areas,  this  transport  capacity  will 
be  augmented  by  17.2  million  ton-miles 
daily.  Of  this  increase,  the  United  States 
and  Canada  alone  will  produce  13.5  million 
ton-miles. 

According  to  Interavias  estimate,  this 
projected  transport  potential  in  terms  of 
combat  troop  movement  (with  light  arms) 
means  that  the  combined  North  American 
and  European  fleet  of  1960-1962  could 
carry  approximately  27,000  men  across  the 
Atlantic  within  24  to  36  hours.  This  is  the 
numerical  equivalent  of  three  light 
divisions.  The  Interavia  article  goes  on  to 
say:  "If  a  fleet  of  100  to  150  heavy  car- 
go aircraft,  of  the  category  of  those  under 
test  in  the  United  States,  were  added  to  the 
civil  fleets,  the  inter-Allied  Command 
could  transport  the  equivalent  of  three  full- 
equipped  light  divisions  or  their  atomic 
equipment  over  a  distance  of  3,000  to  3.500 
miles."  It  can  hardly  be  doubted  that  this 
future  capacity  could  materially  modify 
world  strategy  and  politics. 

If  the  military  services  were  to  allocate  or 
charter  heavy  all-cargo  aircraft  to  the  civil 
airlines  (scheduled  and  irregular),  the  basis 
for  a  revolutionary  expansion  of  the  air 
freight  business  of  the  United  States  would 
be  laid.  It  is  not  irrelevant  to  note  that  the 
all-cargo  lines  need  ships  of  this  type  if  they 
are  to  make  sizeable  gains  in  volume.    Oper- 


ating costs  for  the  giant  C-132  shown  below 
are  estimated  to  be  approximately  3.5  cents 
a  ton-mile,  only  a  fraction  of  current  operat- 
ing costs  in  European  air  transport.  The 
United  States  Navy  recently  set  a  precedent 
in  domestic  air  transport  by  chartering  a 
DC-6A  cargo  aircraft  to  a  civil  airline. 
Other  lines  have  petitioned  for  similar  char- 
ters. If  Military  Air  Transport  Service  of 
the  U.  S.  Air  Force  (MATS)  were  to  cal- 
culate that  such  chartering  constituted  the 
simplest  and  most  economical  method  of 
maintaining  an  extensive  reserve  of  cargo 
aircraft,  it  would  simultaneously  provide  a 
tremendous  boost  in  both  domestic  cargo 
carrying  capability  and  military  cargo 
potential. 

In  that  event  the  Civil  Reserve  Air  Fleet 
(CRAF),  which  consists  of  350  of  the  best 
four-engine  transports  of  the  scheduled  air- 
lines could  be  used  almost  exclusively  in 
wartime  for  troop  transport.  For  this  task 
they  are  already  ideally  equipped  and  need 
little  additional  modification.  Thus  they 
would  be  almost  immediately  available  for 
military  use,  whereas  considerable  time 
would  be  required  to  convert  the  same  ships 
to  all-cargo  work.  (Even  then,  they  would 
be  inefficient  as  cargo  carriers.)  Aside  from 
the  CRAF,  the  remainder  of  the  scheduled 
air  fleet  could  concentrate  on  domestic  busi- 
ness and  emergency  transport  in  the  event  of 
hostilities. 


U.  S.  Air  Force  Photo 


Artist's  concept  of  the  Douglas  C-132,  Air  Force 
transport  capable  of  carrying  50  tons  of  cargo  3,500 
nr,,,t,m\  milo<L  n\  rruisinq  sDeeds  in  excess  of  400  knots. 


INTERNATIONAL  ASPECTS  OF 
AIRLINE   FLYING 

Having  obtained  a  basic  understanding  of 
the  development  and  expansion  of  sched- 
uled airline  flying  in  the  United  States,  let 
us  turn  to  the  world  scene  for  a  broader 
conception  of  the  development  of  civil  avia- 
tion in  the  peacetime  life  of  all  nations  and 
survey  some  of  the  more  important  factors 
affecting  its  future  growth.  This  added 
perspective  should  enable  us  to  assess  more 
accurately  the  competitive  position  of  the 
United  States  airline  industry  and  the  pros- 
pects for  increasing  its  airlift  capability. 
First,  let  us  attempt  to  visualize  how  the 
speed  of  air  communications  has  shrunk  the 
world  in  recent  decades. 

In  1944  J.  Parker  van  Zandt,  a  noted 
economic  geographer,  wrote,  "The  world 
is  now  actually  smaller,  measured  in  travel 
time,  than  were  the  13  original  states  that 
united  to  inaugurate  George  Washington  as 
President."  l5 

Since  1944  aeronautical  engineers  have  in- 
creased both  the  speed  and  carrying  capacity 
of  aircraft.  Whereas  the  average  civil  trans- 
port aircraft  of  1946  carried  but  17  passen- 
gers at  155  mph,  its  successor  in  1956  flew  28 
passengers  at  200  mph.  As  noted  previously, 
first-class  airliners  even  of  the  conventional 
type    exceeded    these    performance    figures 


16  J.    Parker    van    Zandt,    Geography    of    World 
Air  Transport  (Washington,  D.  C,  1944). 


considerably.  In  1952  the  British  airlines 
placed  the  Comet  I  in  service  and  thereby 
became  the  first  to  use  jet  aircraft  in  com- 
mercial operations.  The  United  States  air- 
lines initiated  jet  commercial  service  in  the 
late  1950's  with  the  Boeing  707  and  the 
Douglas  DC-8.  Many  of  the  3,500  cities 
now  served  by  air  transport  all  over  the 
world  will  benefit  from  the  increased  speed 
and  carrying  capacity  of  the  jets.  Trans- 
atlantic jet  flights  between  New  York  and 
London  take  about  7  hours  compared  with 
the  12  to  14  hours  required  for  conventional 
air  travel.  Throughout  the  world  the  newer 
types  of  propulsion  are  being  adapted  to  the 
varying  needs  of  different  airline  services. 

U.  S.  Air  Force  Photo 


De   Havilland   Comet   III   successor  of  the   Comet   I 
which  was  placed  in  service  by  BO  AC  in  1952. 
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Shrinking  the  Atlantic. 


TURBOPROP  TRANSPORT 


HELICOPTER 
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200  -  300  MILES  800  -  1 000  MILES  2000  -  2500  MILES 

Coming  types  of  transport  aircraft — the  European  view. 


Thus  through  the  development  of  air 
transport,  i.  e.,  air  power  in  essence,  not  only 
can  any  spot  on  the  earth's  surface  be 
reached  with  scant  regard  for  terrain  and 
weather  obstacles,  but  it  can  be  reached  in 
a  phenomenally  short  time  by  modern  air- 
craft— civil  or  military.  And  today  even 
time  is  losing  its  significance  in  space  re- 
lationships, at  least  in  a  military-  sense,  with 
the  feverish  development  of  missiles  and 
satellites. 

These  advances  in  man's  conquest  of 
space  are  revolutionary  even  within  the  field 
of  air  transportation  itself.  As  recently  as 
1929  the  standard  flight  between  New  York 
and  Los  Angeles  required  48  hours  and  10 
stops.     It  consisted  of  flying  during  the  day 


and  traveling  by  passenger  train  at  night. 
By  1940  the  same  trip  had  been  cut  to  14 
hours  with  only  3  stops.  In  1953  the  trip 
became  nonstop  and  took  a  little  over  7 
hours.  The  advent  of  commercial  jetliners 
in  the  United  States  was  expected  to  reduce 
this  figure  to  about  4  or  5  hours. 

To  obtain  some  conception  of  worldwide 
accomplishments  in  the  field  of  airline  trans- 
portation, note  the  graph  which  shows  mil- 
lions of  miles  flown  by  aircraft  during 
selected  years  between  1929.  when  civil  air 
transportation  first  assumed  substantial  pro- 
portions, and  the  year  1956.  The  figures 
exclude  the  U.  S.  S.  R.  for  the  entire  period, 
Germany  from  1941.  Japan  from  1945.  and 
China  from  1949. 
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Map  shows  possible  flight  times  for  the  De  Havilland  Comet  IVa  over  certain  selected  routes  in  the  United 
States.  In  1956,  Capital  Airlines  bought  14  of  these  jet  airliners  for  use  in  their  operations.  Redrawn,  with 
permission,  from  American  Aviation,  November  19,  1956. 
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Worldwide  increases  in  scheduled  air 
transport  are  shown  below.  Tremendous 
advances  were  made  by  the  Soviet  Union, 
the  United  Kingdom.  Australia.  New  Zea- 
land. Canada.  Brazil.  Mexico,  and  the 
Netherlands.  Other  countries  also  regis- 
tered important  gains — notably  France. 
India.  Colombia,  and  the  Union  of  South 
Africa.     However,  the  preponderant  share 


of  this  mileage  was  flown  by  the  scheduled 

airlines  of  the  United  States — nearly  half  of 

the  world's  total  in  1929  and  over  half  since 

1949. 

Expansion. in    the   Mid-Fifties: 

Passenger   Traffic 

Since  World  War  II  the  world's  scheduled 
airline  flying  has  continued  to  expand  at  a 
remarkablv   fast    annual   rate.      The   latest 
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figures  show  no  indication  of  a  drop  in  this 
rate  of  growth.  In  1956  the  number  of  pas- 
sengers carried  was  15  percent  greater  than 
it  was  in  1955.  and  nearly  4.5  times  the 
number  carried  in  1946. 

Some  3  million  revenue  passengers  were 
carried  by  the  scheduled  airlines  in  1938,  9 
million  in  1945,  and  78  million  in  1956. 
The  transport  of  78  million  people  an  aver- 
age distance  of  575  miles  would  represent, 
in  equivalent  terms,  the  ''airlifting  of  the 
entire  population  of  Ceylon  to  Sydney. 
Australia,  or  of  carrying  every  man.  woman, 
and  child  in  Belgium.  France,  and  Switzer- 
land from  Geneva  to  Lisbon.  Portugal." 
Of  the  78  million  passengers  carried  in  1956. 
over  half  were  flown  by  United  States  air- 
lines. 

Revenue    Passenger   Mileage 

Revenue  passenger  mileage,  which  pro- 
vides a  reliable  criterion  by  which  to  measure 
changes  in  passenger  traffic,  also  shows  that 
the  United  States  accounts  for  60  percent 
or  more  of  the  passenger  mileage  of  the 
world's  scheduled  airlines.  The  United 
Kingdom.  Australia.  France.  Brazil.  Can- 
ada, the  Netherlands,  and  Mexico  generally 
follow  in  the  order  named.  However,  their 
combined  passenger  mileage  represents 
about  one-fourth  of  the  world's  total. 

The  growth  trend  in  passenger  mileage  is 
virtually  worldwide.  It  appears  that  many 
countries  have  had  as  high  a  rate  of  increase 
as  the  United  States  or  even  higher.  Be- 
tween 1939  and  1952.  passenger  mileage  in 
the  United  States  and  Switzerland  increased 
about  20-fold:  in  the  United  Kingdom  al- 
most 22-fold:  in  Canada  more  than  36-fold: 
in  Brazil  more  than  40-fold. IT 

According  to  the  president  of  the  Council 
of  the  ICAO.  it  is  anticipated  that  on  the 
basis  of  accumulated  experience  the  airlines 
of  the  world  will  transport  100  million  pas- 
sengers a  year  for  the  first  time  in  1958. 
ICAO  statisticians  expect  that  by  the  end  of 
1966  the  number  of  passenger  miles  flown 
will  be  between  3  and  4  times  as  great  as  in 
1956.  and  15  times  larger  than  in  1946. 
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Cargo    Ton-Mileage 

The  airlines  of  the  United  States,  includ- 
ing both  domestic  and  international  carriers, 
in  1955  flew  one-third  the  total  scheduled 
cargo  ton-mileage  of  the  world  319  out  of 
910  million  cargo  ton-miles) . 
World   Airlines   and   Aircraft 

These  tremendous  quantities  of  cargo  and 
large  numbers  of  passengers  are  airlifted  an- 
nually by  a  relatively  small  number  of  sched- 
uled airlines  using  surprisingly  small 
amounts  of  operating  equipment  compared 
with  other  means  of  transportation.  There 
were  only  220  scheduled  airlines  operating 
throughout  the  world  in  1951 — apart  from 
the  2  in  the  U.  S.  S.  R.  Of  the  220,  more 
than  half  were  in  the  Western  Hemisphere. 
Over  3.800  aircraft  were  operated  by  sched- 
uled airlines  in  1951 — approximately  double 
the  number  used  in  1938.'-  By  the  end  of 
1954  the  scheduled  airlines  of  65  countries 
exclusive  of  USSR  and  Communist  China 
had  4.453  planes  in  use.  according  to  ICAO. 
About  one-third  of  these  aircraft  were  lo- 
cated in  North  America,  while  the  next 
largest  number  was  in  Europe. 

On  domestic  and  international  routes  the 
airlines  of  the  United  States  had  1.121  air- 
craft in  scheduled  service  in  1951  and  1.359 
in  1955.  Of  the  latter  number,  147  were  in 
service  on  solely  international  routes.  The 
U.  S.  S.  R.  had  850  transport-type  aircraft 
reportedly  engaged  in  scheduled  operations 
in  1948.'-     ICAO  figures  for  1954  on  other 


'ICAO  News  Release,  28  Dec.  1956,  Ah 
Traffic  Reaches  Record  Peak  in  1956,  p.   1. 

"W.  S.  and  E.  S.  Woytinsky,  World  Com- 
merce and  Gozemmen:  N  •••  York,  1955  , 
p.  536. 

"Ibid.,  p.  518. 

18  In  the  U.  S.  S.  R.  civil  aviation  is  under  the 
direction  of  Aeroflot,  which  controls  about  80  per- 
cent of  the  civil  air  traffic.  Glaimorput,  a  spe- 
cial organization  for  exploration  in  the  Arctic 
areas,  operates  in  the  northern  regions  of  the 
Soviet  Union.  Ninety-six  percent  of  all  sched- 
uled traffic  is  domestic.  Aeroflot,  the  govern- 
ment-controlled air  fleet,  operates  on  domestic 
routes  and  provides  international  services  to 
satellite  countries:  it  also  connects  the  U.  S.  S.  R. 
with  Iran,  Afghanistan,  Mongolia,  and  China. 
Woytinsky,  op.  cit. 
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countries  are  as  follows:  United  Kingdom, 
540;  Brazil,  287:  Canada,  212;  France,  210; 
Australia,  165;  Mexico,  116.  Perform- 
ance data  and  varying  degree  of  reliance 
on  air  transport  are  of  course  other  rele- 
vant factors  entering  into  any  compara- 
tive assessment  of  civil  air  transportation. 

International   Air  Transportation: 
General    Route   Patterns 

Now  let  us  consider  some  of  the  under- 
lying geographic,  economic,  and  political 
factors  which  tend  to  mould  the  pattern  of 
international  air  transport  routes  and  will 
exercise  considerable  influence  over  future 
growth  of  traffic  and  routes.  In  considering 
these  factors,  first  examine  the  general  pat- 
tern of  world  air  routes. 

The  volume  and  directional  flow  of  air 
transportation  generally  correspond  with  the 
pattern  of  surface  transportation  which  is 
heaviest  in  number  of  lines  and  volume  in 
and  between  the  heavily  populated  and 
commercially  advanced  world  economic 
centers.  Air  routes,  however,  are  usually 
shorter  than  surface  routes.  Airplanes  trav- 
elling between  two  traffic  centers  can  travel 
in  a  much  more  direct  line  than  is  possible 
for  either  land  or  sea  carriers  whose  passage 
is  constricted  by  terrain  obstacles  and  water 
gateways,  respectively. 

The  greatest  volume  of  air  traffic  is  gen- 
erally in  the  most  economically  productive 
and  commercially  advanced  regions  of  the 


world,  notably  the  United  States,  Western 
Europe,  the  U.  S.  S.  R.,  and  Eastern  Asia. 
In  the  United  States  the  industrial  and 
commercial  regions  of  the  northeast  have 
developed  the  heaviest  amount  of  air 
traffic.  Specifically,  New  York,  Newark, 
and  Chicago  alone  account  for  about  one- 
fifth  of  all  air  passengers.  In  Europe  the 
principal  traffic  arteries  of  British  European 
Airways  are  between  London,  on  the  one 
hand,  and  Paris,  Brussels,  Diisseldorf,  Am- 
sterdam, Nice,  and  Rome,  on  the  other.  Air 
France  has  a  heavy  volume  on  the  Paris- 
London  run.  Scandinavian  Airlines  profits 
from  a  well  dispersed  but  substantial  flow  of 
traffic  throughout  the  heavily  populated 
and  industrial  areas  of  Europe. 

The  location  of  the  most  traveled  air 
routes  of  the  future  will  continue  to  be 
governed  largely  by  the  interplay  of  geog- 
raphy, economics,  and  politics.  The  air- 
plane's disregard  of  the  usual  geographic 
barriers  has  led  many  people  to  believe  that 
the  main  commercial  airways  are  deter- 
mined solely  by  great  circle  courses  between 
given  points.  We  have  already  noted  some 
of  the  specific  economic  factors  which  offset 
the  advantages  of  flying  true  compass 
courses  between  any  two  points. 

The  transocean  airway  between  San 
Francisco  and  Manila  via  Hawaii,  for  ex- 
ample, is  8,000  statute  miles  long.  The 
great  circle  distance  is  only  6,965  miles.  But 
to  fly  the  great  circle  course  would  involve 


a  nonstop  flight  over  open  water  for  almost 
the  entire  distance,  passing  1,650  miles 
north  of  Honolulu  and  some  700  miles  south 
of  the  Aleutian  Islands.  Such  nonstop 
flights  are  obviously  impractical  on  a  com- 
mercial basis.  On  the  other  hand,  aircraft 
traveling  from  New  York  to  Europe  via 
the  northern  route  follow  great  circle 
courses,  even  though  this  takes  them  over 
Newfoundland  which  is  about  1,000  miles 
north  of  New  York.  There  are  no  gener- 
ally worthwhile  traffic  points  en  route  to 
divert  airliners,  and  the  great  circle  course 
over  Newfoundland  is  much  shorter  than 
any  other  route  to  northwestern  Europe. 

Transpolar  commercial  air  routes  would 
be  unprofitable  unless  they  connected  com- 
mercially prosperous  areas  capable  of  pro- 
ducing bona  fide  revenue  traffic.  The  ad- 
vent of  larger  and  more  efficient  aircraft  in 
the  postwar  era,  together  with  intensive 
wartime      and      postwar     installation      of 


weather  and  navigational  aids  in  the  North 
American  Arctic,  has  made  it  feasible  tor 
airlines  such  as  Scandinavian  Airlines  Sys- 
tem (SAS)  to  pioneer  commercial  air 
routes  across  the  Arctic.  In  February  1957 
SAS  opened  up  its  second  Arctic  trade 
route,  connecting  rich,  densely  populated 
northwestern  Europe  with  Japan,  the  in- 
dustrial and  commercial  leader  of  East  Asia. 
A  few  years  earlier  SAS  began  commercial 
airline  service  across  the  Arctic  by  estab- 
lishing a  route  from  northwestern  Europe 
to  the  wealthy  and  populous  American 
West  Coast. 

However,  strategic  and  political  consid- 
erations account  for  sometimes  radical  de- 
partures from  commercially  feasible  routes. 
Good  illustrations  are  air  routes  linking 
widely  separated  settlements,  camps,  and 
cities  in  the  Arctic  regions,  and  the  subsi- 
dized development  of  some  European  and 


On  the  Mercator  projection  below,  the  shortest  distance  between  Japan  and  the  Panama  Canal  is  the  great 
circle  (curved  line)  course  between  the  two  points.  When  SAS  flies  its  regular  flights  between  Los  Angeles 
and  Copenhagen,  it  flies  the  great  circle  course  shown  on  the  map  rather  than  the  longer  straight  line  course. 
Redrawn,  with  permission,  from  Skylights,  May  1956. 
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Map   shows  the  6,957   nautical    mile   Copenhagen-Tokyo   route   over  the   North   Pole.      SAS   DC-7C   flight 

requires  30  hours,  one  stop. 


American  routes.  Air  transport  is  often  in- 
valuable too  in  areas  like  the  interior  of 
South  America  where  other  means  of  trans- 
portation are  often  lacking  or  extremely 
difficult  to  develop  economically. 

World    Production   Centers: 
Locational   Advantage   of 
European   Airlines 

An  examination  of  the  globe  will  show 
that,  except  for  portions  of  the  South 
American  area,  the  southern  tip  of  India, 
and  Oceania,  all  the  other  land  areas  lie 
in  one-half  of  the  world.  This  half  of  the 
globe  has  been  termed  the  "principal  hem- 
isphere" by  J.  Parker  van  Zandt. 

Within  this  hemisphere  is  almost  nine- 
tenths  of  all  the  icefree  land  area  of  the 
world.  This  is  the  half-sphere  in  which 
the  major  portions  of  the  world's  natural 
resources,  technical  skill,  and  financial 
strength  are  found.  About  95  percent  of 
the  world's  population  and  industry  is  con- 
centrated here.  The  center  or  hub  of  this 
economic  world  is  near  Nantes,  France. 
For  this  reason,  Europe,  and  France  in  par- 
ticular, has  a  distinct  advantage  in  an  age 
when    commercial    travel    tends    to    follow 


great  circle  courses  when  they  are  economi- 
cally feasible. 

Within  the  ''principal  hemisphere"  four 
regions  are  dominant  in  wealth  and  activity. 
They  are  Greater  Europe,  North  America, 
the  U.  S.  S.  R...  and  Asia.  Over  nine-tenths 
of  the  world's  income  is  earned  in  these 
regions.  Ninety-two  percent  of  all  cities  of 
100,000  or  more  are  located  there.  Ninety- 
five  percent  of  all  manufactured  goods  are 
produced  there. 


Seven  major  regions  of  the  "Principal  Hemisphere. 
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Air  transportation  in  Europe 


Population 

0     More  than  1,000,000       •  More  than  100,000  but  less  than  1,000,000 


Population  (1954) 

(each  symbol  =  50,000,000  people) 

Average  income  per  head  (1954) 

(each  symbol  =  US$50) 

Average  passenger  fare   (1953) 

(each  symbol  =  US#  1) 

Passenger-km  performed  within  the  region 

(1954) 

(each  symbol  =  2,000,000,000  passenger-km) 

Passenger-km  per  capita   (1954) 

Average  service  frequency  (1954) 

(each  symbol  =  1  frequency  per  day) 

Number  of  airlines  (1954) 

(each  symbol  =  5  airlines) 

Total  operating  expenses  per  t-km  performed 

(1953) 

(each  symbol  =  UStf  1 ) 

Total  operating  revenues  per  t-km  performed 

(1953) 

(each  symbol  =  US(S  1 ) 

Load  factor  (1953) 


313  million 
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Air  transportation  in  the  United  States. 


Population 
O  More  than  1,000,000  •    More  than   100,000  but  less  than  1,000,000 


Population  (1954) 

(each  symbol  =  50,000,000  people) 

Average  income  per  head  (1954) 

(each  symbol  =  USS  50) 

Average  passenger  fare   (1953) 

(each  symbol  =  US£  1) 

Passenger-km  performed  within  the  region    . 

(1954) 

(each  symbol  =  2,000,000,000  passenger-km) 

Passenger-km  per  capita   (1954) 

Average  service  frequency  (1954) 

(each  symbol  =  1  frequency  per  day) 

Number  of  airlines  (1954) 

(each  symbol  =  5  airlines) 

Total  operating  expenses  per  t-km  performed 

(1953) 

(each  symbol  =  USe  1 ) 

Total  operating  revenues  per  t-km  performed 

(1953) 

(each  symbol  =  US0  1) 

Load  factor  (1953) 

170 


162  million 


mi 


1850  US  |         8^3 1£J  <EJ  ^3 


3.4  US  t 

27000  million 


167  km 
10 

25 
34  US   0 

37  US  t 
56% 


|Q)  (Q)  (Q)  (Q)  iQl 


~> 


The  location  of  these  four  dominant 
egions  and  the  extent  of  their  commercial 
ictivity  now  determine  and,  for  the  fore- 
eeable  future,  will  continue  to  determine 
he  over-all  pattern  of  world  trade  routes. 
Jetween  and  over  North  America  and 
iurasia,  which  includes  the  other  three 
ireas,  the  airways  carry  heavy  traffic. 

Located  at  the  periphery  rather  than  at 
he  center  of  the  world's  principal  hem- 
sphere,  North  America  is  at  a  certain  dis- 
idvantage.  Obviously  American  airlines 
lave  to  haul  commercial  passengers  and 
roods  longer  distances  to  and  from  the  other 
hree  major  areas  than  do  their  competitors. 
?or  the  time  being,  however,  these  disad- 
rantages  of  global  location  are  largely  offset 
>y  the  lead  the  United  States  has  achieved 
n  commercial  aviation.  Increased  eflicien- 
y  in  airplane  operation  and  continued 
echnical  advancement  have  not  only  less- 
ned  but  have  essentially  overcome  this 
landicap  of  geography. 

The  main  economic  compensation  to  the 
>orderland  position  of  the  United  States  is 
ts  great  wealth.  It  produces  such  a  large 
hare  of  the  world's  commerce  that  air  routes 
o  and  from  North  America  cannot  but  be 
leavily  traveled. 


range  have  generally  made  it  necessary  for 
U.  S.  airliners  en  route  to  Europe.  Africa, 
and  Asia  to  refuel  at  intermediate  bases 
under  the  control  of  friendly  foreign  pow- 
ers. As  a  rule,  very  little  compensatory 
traffic  can  be  picked  up  at  these  interven- 
ing points.  To  the  extent  that  such  stops 
at  the  gateways  of  the  Old  World  can  be 
safely  eliminated  through  technological  im- 
provement of  aircraft.  America's  already 
strong  air  power  position  will  be  improved. 
In  addition  to  the  absolute  gain  in  range, 
our  ability  to  fly  commercially  into  Europe 
or  Africa  will  be  easier  to  maintain  if  Amer- 
ican air  services  command  a  choice  of  gate- 
ways and  landing  areas. 


Advantages   of  the   United   States 
Mr   Position 

At  the  same  time  the  relatively  peripheral 
ocation  of  the  United  States  in  the  eco- 
nomic world  is  offset  by  incomparable  ad- 
vantages in  political  freedom  of  movement 
n  all  directions. 

With  the  Atlantic  on  the  east,  the  Pa- 
:ific  on  the  west,  and  the  Caribbean  and 
:he  Gulf  of  Mexico  on  the  south,  we  have 
virtually  complete  freedom  to  fly  over  the 
high  seas  toward  every  continent.  In  ad- 
dition, the  United  States  has  the  peculiar 
good  fortune  as  a  nation  state  to  have 
friendly  neighbors  on  each  great  land 
boundary. 

Nevertheless,  the  factors  of  distance  from 
Old    World    centers    and    limited    aircraft 


AIRLINE   FLYING:   SUMMARY 
AND  CONCLUSIONS 

In  our  study  of  scheduled  air  transporta- 
tion, we  have  repeatedly  seen  that  the  ma- 
jor elements  of  air  power  are  mutually  in- 
terdependent. Civil  aviation  depends  on 
the  aeronautical  industry  to  furnish  the 
planes  for  its  transport  fleet.  The  economic 
viability  of  the  air  transportation  industry 
is  a  function  in  part  of  aeronautical  tech- 
nology and  manufacture.  The  development 
of  the  Boeing  247  and  the  DC-3  greatly 
improved  the  efficiency  of  early  air  trans- 
portation. With  the  development  of  an  air 
vehicle  capable  of  sustaining  itself  econom- 
ically, it  became  possible  for  the  airlines  to 
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expand.  Today,  similarly,  the  advent  of  jet 
airliners  capitalizing  on  the  efficiency  of 
turbo-prop  and  turbo-jet  engines  promises 
to  revolutionize  commercial  air  transporta- 
tion, not  only  in  speed,  but  also  in  econ- 
omy of  operation  and  in  comfort  of  travel. 
Largely  because  of  these  factors  and  the 
spur  of  competition,  orders  for  new  airlin- 
ers amounting  to  billions  of  dollars  have 
been  placed  by  the  airlines.  This  in  turn 
is  stimulating  the  technological  art  and  the 
aircraft  manufacturing  industry. 

Conversely,  the  financial  crisis  of  the  air- 
lines in  1947  adversely  affected  the  aircraft 
industry.  Cancellation  of  airline  orders  for 
new  equipment  stifled  development  of  fur- 
ther designs  and  caused  the  cutback  of  pro- 
duction, which  had  already  been  severely 
curtailed  by  the  virtual  collapse  of  military 
procurement. 

Resolution  of  the  consequent  crisis  in 
which  American  aviation  found  itself  dem- 
onstrated vividly  the  interdependence  of 
various  elements  of  air  power :  civil  and  mili- 
tary aviation,  the  aircraft  industry,  aero- 
nautical facilities  (the  airways  and  aids  to 
navigation),  technological  research,  and 
governmental  policy.  Without  a  favorable 
governmental  policy,  it  would  have  been 
impossible  for  the  two  major  civilian  com- 
ponents of  air  power  to  sustain  themselves 
economically  after  undergoing  the  economic 
shocks  of  the  early  postwar  years.  Govern- 
mental policy  could  not.  except  at  the  cost 
of  imperiling  the  national  security,  permit 
the  dissolution  and  collapse  of  these  twin 
pillars  of  military  air  power. 

Development  of  an  integrated  national 
aviation  policy  soon  clarified  the  true  rela- 
tionship among  these  elements  and  definitely 
established  air  power  as  the  basis  for  Amer- 
ican security.  Recognition  of  air  power  as 
the  mainstay  of  defense  in  turn  involved  the 
support  and  rejuvenation  of  both  the  air- 
lines and  the  aircraft  industry.  The  later 
expansion  of  the  airlines  of  course  contrib- 
uted in  turn  to  the  development  of  tech- 
nology and  to  the  economic  stability  of  the 
aircraft  industry,  although  the  main  stimu- 

172 


lus  of  the  latter  was  military  orders. 

The  policy  of  support  for  the  airlines 
necessarily  involved  the  improvement  and 
expansion  of  another  element  of  air  power, 
that  of  aeronautical  facilities.  The  buildup 
of  airways  and  intensification  of  technolog- 
ical research  on  traffic  control  and  naviga- 
tional devices  offered  the  best  means  of 
promoting  the  health  of  the  airlines  and  in- 
creasing regularity  and  safety  of  service. 
This  again  illustrated  the  importance  of 
technology  and  in  turn  the  level  of  education 
and  skill  of  the  American  people  as  sustain- 
ers  of  the  primary  elements  of  air  power. 

The  subsequent  recovery  and  expansion 
of  the  airlines  permitted  the  larger  lines  to 
become  strong  enough  to  stand  on  their  own 
feet  economically.  Attainment  of  self-suffi- 
ciency by  the  trunk  lines,  which  constitute 
75  percent  of  the  airline  industry,  demon- 
strated the  economic  maturity  of  the  indus- 
try. Thus  the  policy  of  governmental 
subsidization  was  vindicated  on  economic  as 
well  as  political  grounds. 

The  recognition  of  the  interrelationship 
between  the  airlines  and  national  defense  in 
1947  did  not  signify  the  adoption  of  a  new 
policy.  Rather  it  was  an  elucidation  and 
expansion  of  a  generally  consistent  govern- 
mental policy  which  had  nurtured  the  de- 
velopment of  civil  airlines  since  1918.  The 
break  in  governmental  policy  in  1934  proved 

to  be  only  temporary.  Even  the  1934  policy, 
which  sought  to  put  the  airlines  on  a  purely 
economic  footing,  was  beneficial  to  national 
defense  in  the  long  run  because  it  forced  a 
healthy  readjustment  within  the  industry. 
The  renewed  vigor  of  the  airline  managers 
was  responsible  for  much  of  the  later  success 
of  the  airlines  in  selling  air  travel  to  Amer- 
icans. In  the  Civil  Aeronautics  Act  of  1938. 
Congress  reaffirmed  its  support  of  air  trans- 
portation as  an  instrument  of  national  pol- 
icy. In  passing  this  act,  Congress  no  doubt 
was  influenced  by  the  role  which  air  power 
was  assuming  in  German  and  Russian  re- 
armament and  in  military  operations  in 
Spain. 
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Freedom  to  carry 

passengers. 

mail,  and  cargo  to 

and  from  the 

territory  of  any 

contracting  state 


Five  freedoms  of  the  air  embodied  in  international 
agreements  on  aviation. 


The  wisdom  of  the  Government's  policy 
was  demonstrated  in  World  War  II  when 
the  airlines  again  proved  the  intimacy  of  the 
connection  between  air  transport  and  air- 
power. 

That  other  governments  have  long  rec- 
ognized this  interrelationship  was  demon- 
strated in  Europe  even  before  World  War 
I  by  the  promotion  of  airplane  and  engine 
development.  That  earthshaking  conflict 
radically  transformed  Europe  politically, 
ideologically,  economically,  and  socially, 
and  significantly  altered  world  power  rela- 
tionships. Impelled  by  the  raging  torrents 
of  nationalism,  militarism,  and  imperialism 
which  had  broken  through  the  floodgates  in 
World  War  I.  many  governments  hastened 
to  promote  the  growth  of  national  and  im- 
perial airlines,  as  well  as  merchant  marines 
and  war  industries.  The  Paris  Air  Conven- 
tion in  1919  specifically  recognized  the  ex- 
clusive right  of  every  state  to  control  the 
airspace  above  its  territory  in  peacetime, 
thus  making  impossible  any  ''freedom  of  the 
air  ocean"  comparable  to  that  existing  on 


the  high  seas.  Though  later  international 
air  conferences  did  not  materially  change 
this  principle,  it  became  outmoded  by  tech- 
nological conquests  of  space  in  the  1950's. 
The  continued  existence  of  political  bar- 
riers prevents  civil  air  transportation  from 
developing  its  true  potential.  Nevertheless, 
international  air  line  travel  has  grown 
rapidly,  especially  since  World  War  II. 
Notwithstanding  its  unprecedented  destruc- 
tiveness,  the  war  proved  a  boon  to  the 
progress  of  aviation  in  general  and  to  air 
transportation  in  particular.  For  the  first 
time  air  transportation  became  a  major 
component  of  the  world's  transportation 
industry.  The  effects  of  this  experience  and 
of  the  technological  revolution  created  bv 
the  war  will  continue  to  influence  civil 
aviation  for  many  years.  The  advent  of  jet 
airlines  in  the  United  States  and  their  op- 
eration on  foreign  airlines  since  1952.  in 
combination  with  the  development  of  new 
all-cargo  transports,  point  to  the  imminence 
of  a  great  new  era  in  world  air  trans- 
portation. 
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General  Aviation 


SCOPE   OF   GENERAL   AVIATION 

There  are  many  different  kinds  of  civil  flying  besides  scheduled  air 
transportation.  Ranked  by  amount  of  annual  flying  time,  they 
are  business  flying  by  private  firms,  farmers,  ranchers,  and  profes- 
sional men;  pleasure  flying;  flight  instruction:  commercial  agricul- 
tural flying;  and  miscellaneous  aerial  operations.  Together  these 
activities  are  called  general  aviation}  Commercial  aspects  of  gen- 
eral aviation  employ  the  airplane  in  a  considerable  variety  of  ways 
and  are  treated  more  fully  than  others  such  as  pleasure  flying  or  flight 
instruction  which  are  by  their  nature  largely  self-explanatory. - 


J0i 


General    Aviation    in    the    United    States 
and    Abroad  - 

General  aviation  has  grown  rapidly 
throughout  the  world  since  the  First  World 
War.  In  few  places,  however,  has  its  de- 
velopment been  as  spectacular  as  in  the 
Western  Hemisphere.  In  1938  business 
firms,  private  individuals,  and  unscheduled 
carriers  the  world  over  owned  about  20.000 
general  aviation  aircraft  (total  registered 
civil  aircraft,  minus  the  number  of  scheduled 
airline  planes).  More  than  half  of  these 
planes — 10.800 — were  based  in  North 
America.  During  the  following  decade 
war  plagued  the  lands  of  Europe  and  de- 
pleted their  stocks  of  equipment  and  their 
facilities.  While  that  continent  languished, 
other  areas  forged  rapidly  ahead.  Meas- 
ured by  number  of  planes,  general  aviation 
more  than  doubled  in  Asia  '330  to  800), 
jumped  seven-fold  in  Latin  America  (500 
to  3.500),  and  skyrocketed  in  the  United 
States  (10.000  to  over  90.000).  By  1954. 
however,  this  latter  figure  had  dropped  to 
60.000.3 

The  middle  fifties,  nevertheless,  saw  the 
general  aviation  aircraft  of  the  United  States 
flying  three  times  as  many  hours  as  all  the 
scheduled  airlines  in  the  country  (domestic, 
international,  and  territorial ) .  These  planes 
flew  the  equivalent  of  45.000  trips  around 
the  world.  As  might  be  expected,  such 
privately  owned  and  corporation  aircraft 
greatly  outnumbered  scheduled  airline 
planes— 44  to  1   (60.000  aeainst  1.400). 

National  Significance 
Both  light  and  heavy  planes  in  the  gen- 


eral aviation  industry  play  an  important 
part  in  the  daily  operation  of  the  nation's 
business  and  agriculture.  Moreover,  in 
time  of  crisis,  they  can  furnish  indispensable 
aid.  The  multi-engined  fleet  of  over  2,000 
planes — larger  than  the  entire  airline  ar- 
mada— represents  a  significant  large-scale 
transport  potential.  For  their  part,  many 
of  the  lighter,  easy-to-land  planes  now  scat- 
tered throughout  the  country  might  in  a 
national  emergency  "become  the  chief  link 
between  life  and  death,  bringing  the  sup- 
plies and  providing  the  communications 
necessary  to  re-establish  devastated  areas."  4 
This  potential  will  become  evident  in  the 
treatment  of  the  effect  of  general  aviation 
aircraft  upon  the  functioning  of  the  Amer- 
ican economy. 


BUSINESS   FLYING5 

Busi?iess  flying  is  all  flying  done  by  cor- 
porations, companies,  or  individuals  in  their 
own  aircraft  in  pursuance  of  their  enterprises 
or  professions.  Some  firms  fly  executives 
and  technicians  from  one  plant  to  another, 
while  others  ship  merchandise  and  critical 
repair  parts  from  point  to  point.  Salesmen, 
farmers,  ranchers,  doctors,  lawyers,  engi- 
neers, and  many  others  find  the  airplane 
vital  to  their  personal  business  operations. 
In  addition,  the  trend  toward  decentraliza- 
tion in  defense  industry  has  accelerated  the 


1  Other  designations  for  these  activities  are 
general  utility  aviation,  fixed  base  flying,  mis- 
cellaneous commercial  operations,  and  local  air 
services. 


"  Based  on  W.  S.  and  E.  S.  Woytinsky,   World 
Commerce  and  Governments   (New  York,  1955). 


3  This  reduction  was  apparently  caused  by  the 
withdrawal  of  some  war  surplus  planes  and  the 
initiation   of  a  new  CAA  system   of  determining 


numbers   and   categories  of  general   aviation  air- 
craft in  the  U.  S. 


4  Aviation  Facts  and  Figures,  1956. 

5  Most  of  the  material  in  this  section  is  based 
upon  the  CAA  "Survey  of  Aircraft  Use,"'  pub- 
lished under  the  title,  The  Airplane  at  Work  for 
Business  and  Industry  (AWBI),  (Washington. 
1955).  No  similar  surveys  were  made  in  1956  or 
1957.  Estimates  are  based  on  1955  findings  unless 
otherwise  specified. 

''Aviation  Facts  and  Figures,  1956. 
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HOURS  FLOWN  IN  GENERAL  AVIATION  BY  TYPES— 1931-55 


[Thousands  of  hours] 


Year 


931  . 

932. 
933. 
934. 
935. 
936. 
937. 
938. 
939. 
940. 
941  . 
942. 
946. 
947. 
948. 
949. 

950  5 

951  . 
952. 
953. 
954. 
955  ■ 


Total 

Business  • 

Commercial 2 

Instructional 

Pleasure 

Oth( 
Hours 

?r  3 

hours 

Hours 

Per- 
cent 

Hours 

Per- 
cent 

Hours 

Per- 
cent 

Hours 

Per- 
cent 

Per- 
cent 

1.083 

152 
130 
129 
121 
132 
122 
156 
188 
246 
314 
250 
270 
1,068 

14 
15 
16 
14 
14 
12 
13 
13 
13 
10 
6 
7 
11 

281 
215 
200 
207 
229 
245 
227 
254 
332 
387 
511 
473 
943 

26 
25 
25 
24 
24 
23 
19 
17 
17 
12 
11 
12 
10 

307 

223 

198 

217 

292 

380 

432 

577 

755 

1,529 

2.816 

2.680 

5.  996 

28 
25 
25 
26 
31 
36 
37 
39 
39 
48 
63 
71 
61 

343 
309 
268 
301 
301 
312 
358 
459 
589 
970 
883 
363 
1,686 

32 
35 
34 
36 
31 
29 
31 
31 
31 
30 
20 
10 
17 

877 

795 

846 

954 

1,059 

1,  173 

1.  478 

1.  922 

3.  200 

4,460 

3,786 

9,788 

95 

1 

16.  334 

1.966 

12 

1,279 

8 

10.353 

63 

2,616 

16 

120 

1 

15,  130 

2,576 

17 

1,066 

7 

8,701 

58 

2.606 

17 

181 

1 

11.031 

2.615 

24 

1.  449 

13 

4.  187 

38 

2.732 

25 

48 

(4) 

9,650 

2.750 

28 

1,500 

16 

3.000 

31 

2.300 

24 

100 

1 

8.451 

2.950 

35 

1,  584 

19 

1,902 

23 

1,880 

22 

135 

1 

8,  186 

3,  124 

38 

1,727 

21 

1.503 

18 

1.629 

20 

203 

3 

8.  527 

3.626 

42 

6 1,649 

19 

7 1,248 

15 

1.846 

22 

158 

2 

8,963 

3,875 

43 

1.829 

20 

1.292 

15 

1,920 

22 

47 

(4) 

9  500 

4.  300 

45 

1,950 

21 

1.275 

13 

1.975 

21 

1  Includes  flying  for  corporate  or  executive  pur- 
poses as  well  as  flying  by  individuals,  including 
armers  and  ranchers,  on  personal  business. 

2  Includes  contract,  charter,  industrial  and  com- 
nercial  agricultural  flying. 

3  Testing,  experimental,  ferrying.  Civil  Air  Patrol, 
tc. 

4  Less  than  '_>  of  1  percent. 

s  Data  statistically  computed  from  trend  since  no 
ormal  survev  was  conducted  for  this  vear. 


6  Military  contract  flying  has  been  excluded. 

7  Excludes  military  flight  instruction  by  civil  con- 
tractors. 

8  Preliminary. 

Note. — This  table  excludes  all  aircraft  operated 
by  the  scheduled  airlines  and  by  CAA.  Data  for 
war  years  are  not  available. 

Source:  1931-42  CAA  Non-scheduled  Flying 
Reports.  1946-55  CAA  Annual  Survey  of  Aircraft 
Use. 


PERCENT  OF  HOURS  FLOWN  BY  ALL  AIRCRAFT 
BY  TYPE  OF  FLYING  1954 


BUSINESS  TRANSPORTATION 


PLEASURE 


INSTRUCTIONAL 


AERIAL   APPLICATION 


3  PASSENGER   AND  CARGO   TRANSFORATION   FOR 

,   HIRE 

J  PATROL,   SURVEY  AND  OTHER   INDUSTRIAL 


|  EXPERIMENTAL,   TESTS,    ETC. 


10 


20 


30 


40  50 
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demand  for  executive  transports  as  a  faster 
means  of  travel.  "Today's  businessman  can- 
not spend  three  or  four  days  traveling  to  do 
one  or  two  days  of  productive  work. 
Through  the  use  of  executive  aircraft,  he  can 
double  and  often  quadruple  his  produc- 
tivity." 6 

Business  flying  is  growing  more  rapidly 
than  any  other  segment  of  general  aviation 
in  the  United  States.  It  has  expanded  four- 
fold since  the  Second  World  War.  By  the 
mid-fifties  people  making  business  flights 
logged  about  four  million  flying  hours — more 
than  the  total  of  all  the  United  States  sched- 
uled airlines  put  together.  In  1957  business 
pilots  were  flying  almost  as  many  hours  as 
all  other  general  aviation  pilots.7  And  by 
1970  business  flying  time  should  double  to 
a  new  peak  of  10  million  hours,  according 
to  CAA  statisticians. 


Apart  from  the  tremendous  general  in- 
herent advantages  of  the  airplane  for  busi- 
ness travel,  the  explanation  for  the  sharp 
upward  trend  in  business  transportation  lies 
in  the  achievements  of  the  aircraft  industry. 
Manufacturers  have  been  able  to  market,  at 
a  reasonable  cost,  designs  that  "will  do  the 
job"  safely  and  economically.8  Technologi- 
cal efficiency  has  made  the  airplane  an  eco- 
nomical tool  for  American  businessmen. 

The  term,  "business  aircraft,"  spans  a  wide 
range  of  designs.  Virtually  every  plane  from 
the  four-engincd  turboprop  Vickers  Vis- 
count on  down  is  being  used  for  business 
transportation.  And  firms  such  as  Conti- 
nental Can  Company  have  ordered  several 
jet  Fairchild  M-185F  executive  transports 
with  deliveries  scheduled  to  begin  in  1960. 

In  all  probability,  new  aircraft  like  the 
Viscount  and  M-185F  will  not  affect  the 


r'  Aviation  Facts  and  Figures,  1956. 

7  E.  J.  Bulban,  "Business  Flying  Shows  Sharp 
Upswing,"  Aviation  Week,  Vol  66  (25  Feb  1957), 
p.  276. 


8  R.  B.  Prewitt,  "The  Future  of  Business  Fly- 
ing," Aviation  Age,  Vol  25  (June  1956),  Section 
I,  page   10. 
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business  flying  picture  greatly  for  some  time 
to  come.  It  seems  likely  that  for  the  sake  of 
holding  down  critical  production  costs  old 
standbys  will  be  improved  rather  than  re- 
placed. Seemingly  new  business  aircraft 
types  will  probably  be  refinements  of  proved 
military  designs. 

Fundamental  issues  of  design  aside,  there 
has  been  and  is  a  trend  toward  larger  planes. 
This  shift  is  reflected  in  the  changing  com- 
position of  the  aircraft  industry's  production 
of  general  aviation  aircraft.  The  small  two- 
place  airplane  was  in  great  demand  right 
after  the  Second  World  War,  but  it  soon 
gave  way  to  larger  four-  to  six-place  types. 
Coming  in  single-  and  twin-engine  versions, 
the  bigger  planes  made  up  four-fifths  of 
all  general  aviation  aircraft  produced  in 
1952.  Equipped  with  two-way  radio,  these 
larger  models  today  enjoy  practically  all- 
weather  capability  and  fly  at  higher  speeds — 
thus  greatly  adding  to  their  usefulness.  Be- 
cause of  its  more  modest  price,  the  single 
engined  plane  remains  the  most  popular 
type  and  seems  destined  to  continue  to  dom- 
inate the  general  aviation  field  for  years 
to  come. 

Shown  here  are  some  modern  business 
and  executive  airplanes.  Many  firms  have 
two-  and  four-engined  aircraft  identical  to 
those  used  by  the  airlines  except  for  interiors. 


Cessna  310.  This  twin-engine  executive  plane 
cruises  at  213  MPH  and  has  space  for  five  pas- 
sengers. 

Eight-place  twin-engine  Beechcraft  Super  18  execu- 
tive transport.  It  has  a  top  speed  of  234  MPH  and 
a  range  of  1,626  miles.  -^_ 


Courtesy  of  Beech  Aircraft  Corporation 

Beechcraft  Bonanza,  all  metal  four-place  mono- 
plane with  a  top  speed  of  210  MPH  and  a  range  of 
1  ,000  miles.  Courtesy  of  Beech  Aircraft  Corporation 


^^»B» 
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Because  of  the  extent  of  their  needs  and 
the  size  and  speed  of  the  planes  they  use, 
some  corporations  have  found  it  worth  their 
while  to  employ  regular  professional  pilots. 
In  this  way  they  get  maximum  benefits  from 
aircraft  ownership.  Regular  pilots  handle 
approximately  3,500  executive  aircraft. 
These  men  usually  earn  from  $6,000  to 
$15,000  a  year,  salaries  which  are  about  on 
the  airline  pilot  level. 

Nineteen  thousand  general  aviation  air- 
craft are  used  almost  all  of  the  time  in 
direct  support  of  such  activities  as  manu- 
facturing, merchandising,  banking,  finance, 
construction,  transportation,  utilities,  min- 
ing, and  oil  production.  Business  concerns 
operate  more  than  half  of  these  planes.9    Pri- 


0  Among  the  concerns  using  aircraft  as  busi- 
ness tools  arc  Container  Corp.,  Endicott  Johnson 
Corp..  Esso  Shipping  Co.,  Corning  Glass  Works, 
Firestone  Tire  and  Rubber  Co.,  General  Tire  & 
Rubber  Co.,  General  Motors  Corp.,  Continental 
Oil  Co.,  Sun  Oil  Co.,  Ohio  Oil  Co.,  Gulf 
Oil  Co.,  International  Business  Machines,  Rich- 
field Oil  Corp.,  Shell  Oil  Co.,  Parker  Pen  Co., 
Gerber  Products  Co..  Mason  Dixon  Lines,  Inc., 
National  Cash  Register  Co.,  and  Tennessee  Gas 
Transmission  Co. 


vate  individuals  own  the  remainder,  except 
for  a  few  hundred  in  use  by  governmental 
agencies.  An  additional  15,000  aircraft, 
owned  by  small  companies  and  private  in- 
dividuals, are  also  engaged  in  business  flying 
activities,  but  only  on  a  limited  part-time 
basis. 

Many  sections  of  the  country  are  making 
special  efforts  to  attract  business  fliers.  De- 
troit, Cleveland,  and  Chicago  have  provided 
airstrips  convenient  to  their  main  business 
districts.  In  the  case  of  Chicago,  special 
facilities  to  meet  business  aircraft  needs  have 
been  developed  at  the  $1  million  Skymotive 
Terminal  at  O'Hare  Field. 

The  growth  curve  in  business  flying  is 
depicted  graphically  in  the  accompanying 
chart. 

Commercial   Advantages 

The  airplane  by  its  tremendous  speed  has 
shrunk  the  distances  which  must  be  trav- 
ersed by  businessmen  in  an  economy  char- 
acterized by  ever  greater  complexity  and 
physical  dsipersion.  The  four-fold  increase 
in  business  flying  in  the  first  postwar  decade 
is  proof  that  industry  has  found  in  the  air- 


Percent  of  Business  Aircraft  Flown  by  Professional  Pilots. 
Calendar  Year  1954 


85% 


15% 


SINGLE-ENGINE  AIRCRAFT 

■  professional  PILOTS 


MULTI-ENGINE   AIRCRAFT 
OTHER 
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lane  a  useful  and  efficient  tool.  The  busi- 
es aircraft  today  gives  reliable  service  at 
asonable  cost.  Continual  improvement 
i  aircraft  design  has  made  this  possible  and 
as  done  for  business  flying  what  the  de- 
"lopment  of  advanced  transport  types  in 
le  1930's  did  for  the  scheduled  airline  in- 
astry.  In  both  cases,  technological  prog- 
:ss  provided  a  foundation  for  later  rapid 
xnvth.  Performance  aside,  the  great  vir- 
ic  of  the  company-owned  aircraft  lies  in 
le  fact  that  it  saves  precious  time  and 
lergy. 

COMMERCIAL   FLYING10 

gricultural   Flying 

The  airplane  has  been  used  as  a  tool  in 
^riculture  since  1919  when  the  United 
tates  Department  of  Agriculture  (USDA) 
?rially  dusted  fruit  trees  infested  with  cater- 
illars.  From  this  pioneering  experiment 
emmed  the  aerial  application  business  in 
^riculture.  More  than  200  different  types 
f  crops  are  now  treated  from  the  air.  Agri- 
ultural  aerial  application  means  the  use  of 
le  airplane  as  a  substitute  for  farm  imple- 
lents  and  ground  vehicles  in  the  process  of 
X)d  and  fiber  production.  Among  the  agri- 
ultural  activities  that  lend  themselves  to  the 
mployment  of  aircraft  are  spraying,  dusting, 
ceding,  and  fertilizing. 

The  success  of  the  experimental  aerial 
usting  of  fruit  trees  led  the  Department  of 
igriculturc  in  1922  to  test  the  same  tech- 
ique  on  Louisiana  cotton  fields  infested  with 
be  boll  weevil.  The  Army  made  two  air- 
lanes — Curtiss  J-N-4D's — available  to  the 
JSDA  for  these  early  experiments. 

In  1923  the  Huff-Dcland  Aero  Corpora- 
ion  of  Ogdensburg,  New  York  became  the 


10  The  material  in  this  section  is  derived  pri- 
narily  from  the  extensive  Survey  of  general  avia- 
on  activity  conducted  by  the  Civil  Aeronautics 
idministration  in  1955  and  published  under  the 
itle,  The  Airplane  at  Work  for  Business  and 
ndustry. 
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CAA  forecast  of  business  flying  activity  shows  hours 
flown  are  expected  to  double  by  1965,  reaching  7.2 
million  hours. 

Civil  Aeronautics  Administration 

first  commercial  company  to  enter  the  new 
general  aviation  field  of  aerial  application. 
This  company  designed  its  own  aircraft  for 
crop  control  operations,  the  Huff-Deland 
Model  H-D31,  and  worked  under  contract 
to  the  USDA. 

In  the  late  1920's  other  commercial  oper- 
ators moved  into  the  field,  doing  their  work 
with  converted  commercial  airplanes. 
Though  the  1930's  witnessed  continued 
growth  of  this  business,  it  was  not  until  after 
World  War  II  that  aerial  spraying  and 
dusting  increased  rapidly.  This  expansion 
resulted  from  the  development  of  agricul- 
tural chemicals  better  suited  to  aerial  ap- 
plication, the  availability  of  inexpensive  war 
surplus  aircraft,  and  the  existence  of  a  large 
pool    of    ex-military    pilots.     Today    aerial 


Spraying  accounted  for  nearly  half  of  all  agricultural 
flying  in  1954. 
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MAJOR  TYPES  OF  AGRICULTURAL  FLYING  IN  1954 
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dusting  and  spraying  account  for  roughly 
three-quarters  of  the  flying  done  in  aerial 
application. 

Most  aerial  dusting  seeks  to  control  in- 
sects and  fungus  diseases  which  attack  crops. 
Two-thirds  of  all  the  aerial  dusting  done  in 
the  United  States  is  concentrated  in  the 
South  where  good  cotton  crops  depend 
heavily  on  such  operations. 

In  recent  years  aerial  dusting  has  declined 
in  importance,  while  spraying  has  become 
increasingly  popular.  This  is  due  to  sev- 
eral factors.  Spraying  can  be  performed 
safely  at  higher  wind  velocities  than  are 
permissible  for  dusting;  and  sprays  not  only 
adhere  to  plants  better  but  also  require  less 
pure  chemical.  In  forested  areas,  more- 
over, aerial  spraying  is  considerably  more 
effective  than  either  ground  spraying  or 
aerial  dusting  and  is  more  economical. 
These  characteristics  of  efficiency  and  econ- 
omy were  notable  in  "Operation  Budworm," 
one  of  the  greatest  forest-spraying  efforts  on 
record,  which  took  place  in  Canada  during 
June  1952.  In  a  two-week  period  23  air- 
planes sprayed  a  large  afflicted  area  and 
saved  $100  million  dollars  worth  of  pulp- 
wood  at  a  cost  of  only  $500,000. 
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Other  Agricultural  Uses  of  the 
Airplane 

Aerial  spreading  of  fertilizer  is  not  un- 
common in  the  South  and  Southwest.  It  is 
particularly  useful  in  rice  production. 

Aircraft  also  have  been  found  suitable 
for  broadcast  sowing  of  certain  seeds  from 
the  air.  Crops  which  can  be  profitably 
planted  by  aerial  seeding  include  grasses, 
grains  (especially  rice),  cover  crops,  and 
oil  seed  crops  other  than  cotton.  As  in  the 
case  of  fertilization,  aerial  seeding  is  pre- 
dominantly used  in  the  South  and  South- 
west where  rice  is  an  important  crop.  Fur- 
thermore, the  airplane  has  successfully  un- 
dertaken tasks  of  reforestation  and  pasture 
reseeding.  It  is  also  employed  to  distribute 
defoliation  chemicals,  that  is,  agents  which 
cause  plants  to  lose  their  leaves  and  mature 
more  rapidly.  Defoliation  facilitates  me- 
chanical cotton  picking  and  makes  possible 
a  higher  quality  product. 

The  remaining  activities  in  the  field  of 
aerial  application  are  dependent  upon  the 
variables  of  weather  and  insect  invasions, 
and  therefore  fluctuate  considerably  from 
year  to  year.  One  of  the  most  important 
agricultural  services  rendered  by  the  airplane 
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alls  within  this  general  classification  and 
/arrants  brief  description :  locust  baiting. 
rom  time  immemorial  grasshoppers  have 
itermittently  descended  in  hordes  upon 
dentary  man,  ruined  his  crops,  and 
ireatened  or  caused  famine.  In  1951  a 
lague  of  locusts  struck  Iran,  and  the  govern- 
ient  requested  help  from  the  United  States, 
light  small  planes  specially  equipped  for 
le  task  were  dispatched  to  Iran,  together 
ith  pilots  and  technicians  to  carry  out  the 
Deration.  The  planes  and  men  were  trans- 
ited by  large  cargo  aircraft,  along  with 
3  tons  of  insect  toxicant.  Within  four  days 
ver  50,000  acres  of  crops  were  saved  in  18 
icalities.  Similar  accounts  of  amazing 
•cust  kills  have  been  reported  in  Pakistan, 
ndia,  the  United  States,11  and  Canada, 
'hese  emergency  air  operations  have  often 
een  the  salvation  of  crops  and  grazing 
ind.  Timely  action  of  this  nature  is  of 
ic  greatest  significance,  especially  in  areas 


of  subsistence  farming.  The  speed  and 
penetrating  power  of  the  airplane  makes  it 
an  uniquely  effective  defensive  weapon 
against  masses  of  invading  insects. 

Other  aerial  application  activities  include 
the  inspection  of  crops  and  fallow  land, 
spraying  operations  for  sanitation  purposes, 
and  the  unique  task  of  chasing  birds  from 
rice  fields. 

Widespread  acceptance  of  aerial  applica- 
tion is  indicated  by  the  fact  that  one  out  of 
every  12  acres  under  cultivation  in  the 
United  States  is  treated  from  aircraft.  The 
impact  of  aerial  application  on  the  consumer 
is  also  considerable.  "It  can  safely  be  said 
that  every  person  in  the  nation  eats,  touches, 
or  wears  something  every  day  of  the  year 
that  an  agricultural  airplane  treated  before- 
hand." I2 


11  In  two  weeks  during  1952  aircraft  sprayed 
enough  poison  bran  on  2.7  million  acres  of  western 
range  land  to  kill  175,000  tons  of  grasshoppers. 

12CAA,  AWBI,  p.  12. 
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AERIAL  APPLICATION  ACTIVITIES,  CONTINENTAL 
UNITED  STATES,  1952-54 


Activity 
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praying  towns — pest  control 
hasing  birds  from  rice  fields 
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ntifrost  agitation 

hecking  fallow  land 
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nocking  fruit  from  trees  .... 


1952 
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273,  439 

209, 357 

62,  736 

52, 396 

49,  342 

8,  570 
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672,  226 
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Aircraft  Used  in  Aerial  Application 
An  estimated  2.600  aircraft  are  engaged 
in  aerial  spraying  operations,  and  2,300  in 
aerial  dusting.  No  doubt  some  of  these 
serve  in  a  dual  capacity.  Light-  and  me- 
dium-weight planes  predominate,  although 
a  small  number  of  heavier  craft  and  heli- 
copters are  also  used.  The  Piper  is  the  most 
common  light  plane,  while  the  Stearman  is 
the  typical  medium-weight  type. 

Although  many  of  the  aircraft  still  in  use 
for  aerial  application  operations  are  war  sur- 
plus types,  postwar  light  planes  have  begun 
to  take  over  the  field.  The  trend  is  toward 
the  development  of  specially  designed  aerial 
application  planes.  Lamson  Aircraft  Com- 
pany is  building  the  Air  Tractor,  a  single- 
engined  biplane  designed  to  carry  a  payload 
of  about  2,500  pounds.  Fletcher  Aviation 
Corporation  has  a  single-engined,  low-wing, 
all-metal  plane  which  has  found  acceptance 
in  New  Zealand  and  is  to  be  marketed  in 
this  country  as  well.  Transland  Company  is 
working  on  the  AG-2  airplane,  a  low-wing, 
all-metal  monoplane  with  a  payload  of  2,000 
pounds.  Other  aircraft  under  development 
for  agricultural  use  include  the  Call  A5, 
Taylorcraft  Topper.  Cessna  323,  Piper  AG-3. 
Though  there  has  been  progress  in  the 
design  and  production  of  agricultural  air- 
craft, the  output  of  properly  trained  agricul- 
tural pilots  has  lagged.  In  an  effort  to  end 
the  shortage,  Texas  A&M  College,  in  co- 


operation with  the  CAA  and  the  Texas 
Aerial  Applicators  Association,  recently  be- 
gan to  offer  a  six-weeks  course  on  the  funda- 
mentals of  agricultural  flying  for  experi- 
enced pilots  with  commercial  licenses  and  at 
least  500  hours  of  solo  flight  time. 


Patrol,  Survey,  and  Other  Industrial  Flying 

The  expanding  use  of  aircraft  in  patrol 
and  survey  activities  is  a  natural  result  of 
the  fact  that  the  airplane  can  do  such  work 
supremely  well.  The  airplane's  speed  and 
freedom  from  surface  conditions  and  ter- 
rain obstacles  permit  pilots  or  crews  to  make 
observations  over  wide  areas  in  a  minimum 
of  time  and  with  the  expenditure  of  com- 
paratively little  manpower.  Another 
unique  advantage  of  the  airplane  is  that  it 
also  affords  the  aerial  observer  (or  camera) 
a  more  complete  view  of  the  situation  on  the 
ground  and  makes  possible  a  more  accurate 
assessment  of  space  relationships  than  would 
otherwise  be  possible.  The  variety  of  uses 
to  which  general  aviation  aircraft  have  been 
put  in  patrol  and  survey  work  is  surprising. 


Transland  AG-2,  all-metal  aerial  application  monoplane. 


Courtesy  of  Aviation  Week 
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Courtesy  of  Piper  Aircr 
Piper  Super  Cub  "1  50"  widely  used  general  utility  aircraft. 
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Major  Types  of  Patrol,  Survey  and  other  Industrial  flying  in  1954. 
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The   Civil   Air   Patrol  13 

The  Civil  Air  Patrol  (CAP)  accounts  for 
the  largest  single  segment  of  patrol  flying, 
with  the  single  exception  of  pipeline  patrol. 
By  itself,  the  nature  of  the  service  rendered 
by  this  outstanding  organization  of  private 
citizens  puts  it  first  in  order  of  importance. 
The  work  of  the  Civil  Air  Patrol  is  closely 
bound  up  with  the  security  of  the  United 
States.     Through  its  nationwide  organiza- 


13  Material  cm  the  Civil  Air  Patrol  is  based 
upon  General  Training  Bulletin,  Exercise  17,  en- 
titled "Civil  Air  Patrol,"  published  for  the  Air 
Reserve  Training  Program  by  the  Air  Command 
and  Staff  College,  Air  University,  Maxwell  AFB, 
Ala.,  1957. 


tion  and  its  grass-roots  aviation  work,  the 
CAP  functions  as  a  vital  instrument  of 
American  air  power,  ever  ready  for  large- 
scale  emergency  effort  on  behalf  of  the  lo- 
cal community  or  the  nation  itself. 

One  week  prior  to  the  attack  on  Pearl 
Harbor,  President  Roosevelt  issued  an  ex- 
ecutive order  establishing  the  Civil  Air  Pa- 
trol. This  action  climaxed  the  efforts  of 
civilian  aviation  enthusiasts  to  found  an  or- 
ganization through  which  they  could  con- 
tribute to  the  nation  their  time,  services, 
and  aircraft.  Gill  Robb  Wilson,  noted  avia- 
tion writer  and  publisher,  and  Guy  Gannett, 
the  late  newspaper  publisher  and  broad- 
casting executive,  were  the  most  active  and 
influential  sponsors.  The  coming  of  the 
war  underscored  the  need  for  civilian  as- 
sistance in  the  aviation  field.  Soon  the  CAP 
was  made  a  branch  of  the  Office  of  Civilian 
Defense  under  Mayor  Fiorello  La  Guardia. 
It  competently  carried  out  its  first  major 
assignment  in  the  critical  early  months  of 
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Civil  Air  Patrol  aircraft  of  the  Maryland 
Wing  Civil  Air  Patrol  participating  in  an 
air  defense  exercise  designed  to  train  mem- 
bers of  the  Madonna,  Maryland  Ground 
Observer  Corps. 
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1942:  experimental  anti-submarine  shore 
patrol,  under  the  observation  of  the  First 
Air  Force.  Recognizing  the  CAP's  ability  to 
execute  tasks  of  this  nature,  the  Army  Air 
Forces  in  May  ordered  this  civilian  flying 
organization  to  carry  out  anti-submarine 
patrols  within  15  miles  of  shore  line,  convoy 
surface  vessels,  perform  courier  services, 
transport  critical  aircraft  parts,  search  for 
missing  aircraft,  conduct  border  patrols,  and 
guard  against  sabotage  of  power  lines,  pipe- 
lines, aqueducts,  etc. 

Upon  the  transfer  of  the  CAP  to  War 
Department  jurisdiction  in  April  1943,  the 
Secretary  of  War  further  directed  it  to  carry 
out  aircraft  warning  and  tracking  opera- 
tions. In  August  1944  the  War  Depart- 
ment accorded  CAP  the  status  of  an  official 
Army  Air  Force  agency,  designed  to  (a) 
organize  public-spirited  citizens  in  the  civil 
aviation  field  into  a  volunteer,  semi-military 
organization,  and  (b)  provide  supplemen- 
tary training  in  military  and  allied  subjects. 
The  CAP  was  also  charged  with  assisting 
in  the  pre-flight  training  of  15-  to  18-year  old 
cadets  who  might  see  future  service  with 
the  armed  forces  or  in  civilian  aviation. 

During  the  Second  World  War  civilian 
aviators  organized  in  the  CAP  flew  about 
50  million  miles  in  the  course  of  their  various 
duties.  Half  of  this  effort  was  directed 
against  Axis  submarines,  which  were  taking 
a  heavy  toll  of  Allied  shipping  along  the 
American  coastline.  Eighty-six  thousand 
anti-sub  missions  were  flown,  at  a  loss  of  only 
26  pilots  and  90  planes.  These  intrepid 
civil  aviators  sighted  173  enemy  submarines 
and  sank  two.  They  also  spotted  hundreds 
of  survivors  of  submarine  sinkings  and 
helped  to  speed  assistance  to  91  vessels  in 
distress.  Patrols  ranged  as  far  as  100  miles 
from  shore  on  anti-submarine  duty. 

The  other  half  of  CAP's  wartime  opera- 
tions was  devoted  to  training  and  courier 
functions.  CAP  men  towed  many  thou- 
sands of  aerial  gunnery  targets  and  provided 
invaluable  tracking  exercise  for  anti-aircraft 
guns  and  searchlight  batteries.  In  addition, 
CAP  checked   on   camouflage  and  smoke- 
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Civil  Air  Patrol  Certificates  of  Award  Ceremony.  Shortly  after  the  close  of  World  War  II  Wing  Commanders 
of  the  Civil  Air  Patrol  gathered  at  the  Pentagon  in  Washington,  D.  C.  where  they  were  awarded  certificates 
of  appreciation  by  General  Carl  Spaatz,  Army  Air  Forces,  in  recognition  of  the  outstanding  war  services  of  the 
Civil  Air  Patrol.  Above  a  group  of  the  Commanders  present  are  pictured  with  General  Spaatz.  They  are 
left  to  right:  Lt.  Col.  G.  A.  DaCosta,  Springfield,  III.;  Lt.  Col.  Walker  Winslow,  Indianapolis,  Indiana,-  Gen. 
Spaatz,-  Lt.  Col.  R.  H.  Baker,  Detroit,  Michigan,-  Lt.  Col.  G.  A.  Stone,  Columbus,  Ohio,  and  Lt.  Col.  J.  F. 
Stratton,  Milwaukee,  Wisconsin. 
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Providing  aviation  education  to  its  younger  members 
is  a  major  responsibility  of  the  Civil  Air  Patrol. 
These  young  CAP  Cadets  are  being  instructed  in 
aircraft  engine  maintenance. 


Group  of  Civil  Air  Patrol  Cadets  receiving  naviga- 
tion instruction  at  the  Link  Trainer  Department  at 
Goodfellow  Air  Force  Base,  Texas. 

Air  Force  Photo 


screening  operations,  and  conducted  radar 
training  flights.  As  if  this  were  not  enough, 
it  also  gave  basic  aviation  training  to  40,- 
000  cadets. 

Civil  aviators  in  this  quasi-military  organ- 
ization flew  over  20,000  miles  a  day  to  carry 
mail,  critical  repair  parts,  and  other  pri- 
ority wartime  cargo. 

After  the  war  was  over,  the  Army  Air 
Force  strongly  recommended  that  the  Civil 
Air  Patrol  be  kept  intact  as  an  organization. 
Congress  recognized  the  potential  of  this 
civilian  adjunct  to  American  military  air 
power,  and  chartered  it  as  a  non-profit  or- 
ganization in  July  1946. 

The  charter  emphasized  the  role  of  the 
Civil  Air  Patrol  as  an  organization  which 
would  seek  to  channel  the  energies  of  private 
citizens  interested  in  aviation  and  direct 
them  toward  national  goals.  These  goals 
were  "the  development  of  aviation"  and 
"the  maintenance  of  air  supremacy." 
Through  the  directed  effort  and  specific  ex- 
ample of  its  members,  CAP  was  to  foster  the 
growth  of  civil  aviation  in  local  communi- 
ties, and  provide  "an  organization  of  pri- 
vate citizens  with  adequate  facilities  to 
assist  in  meeting  local  and  national  emer- 
gencies." The  charter  also  called  upon 
CAP  to  provide  aviation  education,  espe- 
cially to  its  younger  members.14 

Two  years  after  giving  the  CAP  its 
charter.  Congress  formally  made  the  organ- 
ization a  volunteer  auxiliary  of  the  United 
States   Air   Force.     It   also   authorized   the 


14  Any  United  States  citizen,  or  alien  who  has 
filed  first  papers  for  citizenship,  and  who  is  18 
years  of  age  or  over  is  eligible  for  senior  member- 
ship in  the  Civil  Air  Patrol.  Any  United  States 
citizen,  or  alien  who  has  filed  first  papers  for 
citizenship,  who  is  fourteen  years  of  age  may  be- 
come a  cadet  member  of  Civil  Air  Patrol.  Mem- 
bership in  CAP  is  not  considered  as  a  military 
service  and  does  not  exempt  the  member  from 
service  in  the  armed  forces.  Upon  completion  of 
the  prescribed  training  program  and  attainment 
of  the  CAP  Certificate  of  Proficiency,  Civil  Air 
Patrol  members  arc  given  priorities  for  enlistment 
in  the  United  States  Air  Force,  Air  Force  Reserve, 
Air  Force  ROTC,  and  Air  National  Guard. 


Air  Force  to  resume  the  type  of  assistance 
<jiven  to  CAP  during  the  Second  World  War 
In  this  way.  the  CAP  was  again  able  to  ob- 
tain from  the  military  establishment  some 
light  planes,  fuel,  lubricants,  and  surplus 
equipment  needed  to  carry  out  its  mission. 
Military  assistance,  however,  was  not  limited 
to  material  aid,  for  Air  Force  personnel 
were  now  assigned  in  a  liaison  capacity  to 
the  National  Headquarters  of  the  CAP  at 
Boiling  Air  Force  Base,  D.  C,  and  also  to 
the  headquarters  of  each  of  the  52  CAP 
wings. 

Accomplishments.  Although  the  largest 
proportion  of  its  flying  time  is  devoted  to 
flight  orientation  and  training  of  its  cadets, 
CAP  performs  many  other  valuable  services 
which  directly  benefit  the  community  and 
the  nation.  Most  of  these  fall  in  the  cate- 
gory of  patrol  and  survey  activity. 

The  Civil  Air  Patrol  annually  flies  about 
half  or  more  of  all  the  search  and  rescue  mis- 
sions performed  by  Air  Rescue  Service  in 
continental  United  States.  Besides  flying 
searches  for  the  Air  Force,  the  CAP  runs 
blood-lift  missions,  provides  emergency  air- 
lift for  the  sick  and  injured,  carries  out 
tracking  missions  for  the  ground  observer 
corps,  and  reports  the  spotting  of  forest  fires. 
This  work  is  done  largely  through  the  use  of 
privately  owned  planes,  for  only  about  10 
percent  of  CAP  aircraft  are  contributed  by 
the  Air  Force. 

Furthermore,  each  CAP  wing  cooperates 
with  Civil  Defense  units  in  its  area  in  co- 
ordinating and  carrying  out  defense  and 
search  functions.  In  these  tasks,  the  CAP's 
communications  channels  play  an  important 
role.  The  organization  has  over  12,000 
fixed  and  mobile  stations  to  fill  its  needs. 
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Pipe,  Power,  and  Telephone  Line 
Patrol 

The  largest  segment  of  patrol  and  survey 
flying  is  the  monitoring  of  the  cross-country 
portion  of  public  utility  properties.  The 
objective  of  these  patrols  is  nothing  less  than 
to  maintain  continuous  operation  of  pipe, 
power,  and  telephone  lines.  In  terms  of 
distance,  public  utility  patrol  aircraft  fly 
about  17  million  aircraft  miles  a  year. 

Aircraft  are  ideally  suited  for  this  type 
of  work  because  an  aerial  observer  is  ca- 
pable of  inspecting  a  given  length  of  pipeline 
in  a  fraction  of  the  time  required  by  walking 
patrols.  If  the  observer  detects  discolor- 
ation of  the  earth  or  withering  of  the  foli- 
age— indications  of  a  break  in  a  gas  line — 
he  immediately  directs  maintenance  crews 
to  the  affected  area  by  radio.  Since  this 
type  of  inspection  requires  low-level  flying, 


the  CAA  has  issued  waivers  in  some  cases  to 
permit  such  operations  at  an  altitude  of  50 
feet  with  visibility  of  one-eighth  of  a  mile. 
Air  vehicles  also  provide  an  efficient  and 
rapid  means  of  checking  power  lines  and 
telephone  trunk  lines  for  cable  breaks, 
damage  to  poles,  transformers  and  other 
equipment,  and  accumulation  of  ice  on 
lines.  The  helicopter  has  demonstrated  a 
degree  of  performance  superior  to  that  of 
fixed-wing  aircraft  in  patrol  and  survey 
work.  Two-thirds  of  the  power  and  pipe- 
line patrolling  is  done  by  operators  in  the 
southern  states,  and  one-fifth  in  the  north 
central  states. 

Forestry  Patrol 

Fire  is  a  constant  menace  to  the  615  mil- 
lion acres  of  forestland  in  the  United  States. 
Annually  50,000  fires  destroy  much  of  this 
valuable    natural    resource.     The    airplane 
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was  first  used  for  forestry  patrol  in  1919, 
with  the  United  States  Army  financing  al- 
most the  entire  project  that  year.  Seven 
Army  pilots  made  regular  daily  flights  over 
the  California  national  forests  and  reported 
422  fires  in  a  five-month  period.  Not  until 
1928  did  Congress  regularly  appropriate 
funds  for  air  patrol  work  by  the  United 
States  Forest  Service.  Since  that  time 
aerial  patrol  of  forests  has  been  generally 
conducted  by  commercial  aviation  organi- 
zations on  a  contract  basis.  By  1930  aerial 
patrol  aircraft  were  hired  by  the  states  of 
Oregon,  Idaho,  Washington,  Montana,  Cal- 
ifornia, Arizona,  New  Mexico,  Nevada,  Col- 
orado, Utah,  Michigan,  Minnesota,  and 
Wisconsin. 

In  1938  the  United  States  Forest  Service 
purchased  for  its  own  use  an  experimental 
aircraft  which  featured  an  adjustable  pitch 
propeller  for  low  flying  efficiency,  a  special 
bombsight  for  accurate  dropping  of  food  and 
fire-fighting  equipment,  and  a  special  trap 
door  for  the  dropping  of  firequenching 
chemicals.  Although  the  development  of 
planes  designed  especially  for  use  in  forest 
protection  was  curtailed  during  World  War 
II,  many  refinements  and  improvements  re- 
sulted from  wartime  research  and  develop- 
ment and  were  later  embodied  in  postwar 
aircraft  built  for  forest  service.  To  maxi- 
mize the  use  of  these  aircraft,  the  U.  S.  For- 
est Service  maintains  approximately  90  land- 
ing fields  in  the  national  forests.  Some 
large  lakes  serve  as  bases  for  seaplanes. 

Perhaps  the  most  important  work  per- 
formed by  forest  patrol  aircraft  is  scouting 
forest    fires    and    transporting    fire-fighting 


personnel  and  supplies.  A  skilled  aerial 
scout  can  determine  quickly  the  intensity, 
direction  of  burning,  location,  damage,  and 
the  geographical  extent  of  the  fire.  From 
a  vantage  point  high  in  the  air,  he  is  usually 
able  to  spot  natural  barriers  to  the  spread 
of  the  fire  and  determine  the  most  practical 
means  of  deploying  ground  crews. 

The  invaluable  work  of  aerial  patrol  and 
fire  scouting  is  often  expedited  by  means  of 
aerial  photography.  Photographs  taken 
from  the  air  are  quickly  developed  and  de- 
livered to  the  firecrew.  They  provide  ex- 
cellent information  on  terrain,  streams, 
trails,  roads,  and  other  ground  features  close 
to  the  fire.  In  Montana  an  observer  in  a 
patrol  plane  equipped  with  a  camera  and 
printing  outfit  reportedly  photographed  a 
forest  fire,  developed  an  8  x  10  picture,  and 
dropped  it  to  a  waiting  receiver  on  the 
ground — all  in  18  minutes! 

Other  important  functions  performed  by 
means  of  aerial  patrol  and  survey  over  for- 
ested areas  include  the  inspection  and  ap- 
praisal of  timber  for  commercial  purposes. 
Insect  damage  can  be  spotted  through  dis- 
coloration or  defoliation  of  trees.  Forest 
patrol  activity  is  naturally  greatest  in  the 
southern  and  western  states. 


Aerial  Photography  and  Mapping 
and  Survey 

These  two  functions  represent  rather  spe- 
cialized uses  of  aircraft  wherein  the  camera 
is  substituted  for  the  human  eye  of  an  ob- 
server to  provide  a  permanent  record  of 
an  area.  Aerial  photographs  and  surveys 
fill  a  variety  of  needs  and  are  especially 
useful  when  views  of  large  areas  of  the 
earth's  surface  are  required.     They  are  help- 


ful in  plant  site  selection,  determination  of 
industrial  land  use,  flood  control,  fire-fight- 
ing, and  hydro-electric  and  irrigation  proj- 
ects. Aerial  photographs  and  surveys  are 
also  used  to  advantage  in  projection  of  trans- 
portation and  pipeline  routes,  real  estate  de- 
velopment and  sales,  tax  assessment  studies, 
and  city  planning  and  traffic  studies. 

A  comparison  of  survey  methods  em- 
ployed in  official  topographic  mapping  of 
political  units  will  give  us  some  conception 
of  the  savings  in  time  and  energy  made  pos- 
sible by  the  airplane.  Men  working  on  the 
earth's  surface  have  to  use  tedious  and  time- 
consuming  procedures  to  map  a  given  area; 
they  run  the  risk,  furthermore,  of  making 
serious  errors.  From  the  air,  however,  they 
can  map  the  same  area  in  a  fraction  of  the 
time  otherwise  required,  and  with  highly 
accurate  results.  The  U.  S.  Geological  Sur- 
vey reported,  that  by  utilizing  aircraft 
equipped  with  special  cameras,  it  was  able 
to  map  the  entire  continental  United  States 
within  a  period  of  two  years.  Compare 
this  with  the  estimated  50  years  that  would 
be  required  to  map  the  State  of  Pennsylvania 
by  the  plane  table  and  level  method. 

Prospectors  seeking  mineral  deposits  some- 
times employ  color  photography  from  the  air 
to  aid  them  in  their  systematic  search.  The 
color  of  rock  formations,  soil,  and  outcrop- 
pings  of  ore  provide  indications  of  the  pres- 
ence of  various  mineral  deposits.  Similarly, 
soil  surveys  employing  color  aerial  photog- 
raphy often  indicate  to  the  soil  scientist  the 
quality  of  the  soil  in  a  given  area. 

Aerial  photography  also  serves  less  scien- 
tific, if  equally  commercial,  purposes.  Al- 
most all  newspapers  and  many  magazines 
frequently  print  aerial  photos  to  illustrate 
news  accounts  of  the  havoc  wrought  by 
floods,  hurricanes,  fires,  and  other  natural 
disasters. 

Wildlife  Conservation  and  Herding 
Livestock 

There  are  many  ways  in  which  aircraft 
help  local,  state,  and  Federal  officials  to  con- 
trol and  conserve  animal  life  in  our  forests 
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and  on  open  ranges.     They  are  used  to  in- 
troduce valuable  animals  to  certain  areas, 
to  locate  resource  damage,  to  count  wild- 
life population,  and  to  stock  lakes  with  fish. 
The  airplane  and  helicopter  perform  im- 
portant services  in  the  grazing  industry  by 
providing  ground  personnel  with  informa- 
tion about  range  conditions.     Aerial  sei  vi<  es 
aid  in  the  location  and  eradication  of  pred- 
atory  animals  preying  on  stock.     Aircraft 
can  save  cattle  or  game  in  large  numbers  by 
making  emergency  food  drops.     This  hap- 
pened,  for   example,   when   a   recent   mid- 
western  blizzard  left  many  cattle  stranded 


without  food  Operation  "Hay-lift."  wha 
was  organize  with  the  help  of  the  Ui 
States  Air  Fcce,  sent  aircraft  to  the 
and  thousani  of  bales  of  hay  were  drop 
on  the  ranLr< 

Other  Patrl  and  Industrial  Aviat 
Activities 

The  accoroanying  table  provides 
ination  on  a  liscellany  of  minor  patrol  aqfl 
industrial  acvities  in  the  general  aviatjH 
field.  It  als  furnishes  a  convenient  refj 
eren<  e  list  icompassing  all  activities] 
this  nature. 

Civil  Aeronautics  Admistration.  Annual  Survey  of  A  rcraM 


HOURS  FLOWN  IN  PATROL,  SURVEY,  AND  OTHR  INDUSTRIAL  ACTIVI1 
Continental  United  States,  1954  nd  1953 


Activity 


Pipe  line  patrol 

Civil  air  patrol 

Aerial  photography 

Forestry  patrol 

Mapping  and  survey 

Power  line  patrol 

Game  survey    

Hunting  predatory  animals 

Game  and  fish  patrol 

Sign  towing 

Checking  livestock 

Hunting  lost  persons 

Herding  livestock 

Border  patrol 

Highway  patrol 

Fence  patrol 

Glider  towing 

Dropping  leaflets 

Hunting  eagles 

Aerial  advertising — Loudspeaker 

Herding  wild  game 

Skywriting 

Truck  line  patrol 

Aerial  advertising  —Neon  lights . 

Telephone  line  patrol 

Log  patrol 


»54 


1953 


Hours 
flown 


Total,  all  types . 


45, 
94, 
49, 
♦6, 
45, 
43, 
31, 
29, 
24. 
11. 
11. 
10, 

4. 

4. 

3. 

3. 

3. 

2. 

1. 

1. 

1. 

1. 

i. 

1. 

1. 


Percent 
of  total 


II 

31 

0' 

61 

10 

2' 

10 

■ 

40 
40 


25 
16 

9 


Hours         Percent 
flown      |    of  total 


107.300 

35.700 

30.  "00 

34,  600 

31.400 

19.800 

24,  000 

20. 100 

9.200 

6,400 

8.100 

1,400 

8.800 

2.100 

1.100 

1.100 

1.400 

1.400 

2.100 

1.400 

1.100 

1.400 

400 

1.400 

400 


573,00 


100       352.800 


1  Civil  Air  Patrol  flying  was  not  reported  separately  in  1953  h    was  included  with  expeniw 
flying.     Rcportedlv.  CAP  Hying  accounted  for  about  85,000  hours      I 
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and  on  open  ranges.  They  are  used  to  in- 
troduce valuable  animals  to  certain  areas, 
to  locate  resource  damage,  to  count  wild- 
life population,  and  to  stock  lakes  with  fish. 
The  airplane  and  helicopter  perform  im- 
portant services  in  the  grazing  industry  by 
providing  ground  personnel  with  informa- 
tion about  range  conditions.  Aerial  services 
aid  in  the  location  and  eradication  of  pred- 
atory animals  preying  on  stock.  Aircraft 
can  save  cattle  or  game  in  large  numbers  by 
making  emergency  food  drops.  This  hap- 
pened, for  example,  when  a  recent  mid- 
western  blizzard  left  many  cattle  stranded 


without  food.  Operation  "Hay-lift,"  which 
was  organized  with  the  help  of  the  United 
States  Air  Force,  sent  aircraft  to  the  rescue, 
and  thousands  of  bales  of  hay  were  dropped 
on  the  ranges. 

Other  Patrol  and  Industrial  Aviation 
Activities 

The  accompanying  table  provides  infor- 
mation on  a  miscellany  of  minor  patrol  and 
industrial  activities  in  the  general  aviation 
field.  It  also  furnishes  a  convenient  ref- 
erence list  encompassing  all  activities  of 
this  nature. 

Civil  Aeronautics  Administration,  Annual  Survey  of  Aircraft  U  ;e 


HOURS  FLOWN  IN  PATROL,  SURVEY,  AND  OTHER  INDUSTRIAL  ACTIVITIES 
Continental  United  States,  1954  and  1953 


Activity 


Pipe  line  patrol 

Civil  air  patrol 

Aerial  photography 

Forestry  patrol 

Mapping  and  survey 

Power  line  patrol 

Game  survey 

Hunting  predatory  animals 

Game  and  fish  patrol 

Sign  towing 

Checking  livestock 

Hunting  lost  persons 

Herding  livestock 

Border  patrol 

Highway  patrol 

Fence  patrol 

Glider  towing 

Dropping  leaflets 

Hunting  eagles 

Aerial  advertising — Loudspeaker 

Herding  wild  game 

Skywriting 

Truck  line  patrol 

Aerial  advertising — Neon  lights  . 

Telephone  line  patrol 

Log  patrol 

Total,  all  types 


1954 


Hours 
flown 


,  100 
,000 
,300 
,000 
,  500 
,600 
,100 
,200 
,900 
,500 
,000 
,100 
,300 
,300 
,400 
,400 
,400 
,400 
,900 
,900 
,400 
,400 
,400 
,000 
,000 
500 


573,  000 


Percent 
of  total 


25 

16 

9 


100 


1953 


Hours 
flown 


107, 300 

0) 

35,  700 

30, 700 

34,  600 

31,400 

19,800 

24,  000 

20. 100 

9,200 

6,400 

8,  100 

1,  400 
8,800 

2,  100 
1,  100 
1,100 

1,  400 
1,400 

2,  100 
1,400 
1,  100 
1,400 

400 

1,400 

400 


352,  800 


Percent 
of  total 


30 


10 
9 

10 
9 
9 
7 
6 
3 
2 
2 

3 
1 


100 


1  Civil  Air  Patrol  flying  was  not  reported  separately  in  1953  but  was  included  with  experimental  test 
flying.     Reportedly,  CAP  flying  accounted  for  about  85,000  hours  in  1953. 

Source:   CAA  Office  of  Aviation  Safety,  Survey  of  Industrial  and  Agricultural  Aviation  Activities. 
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Loading  operations  of  a  Slick  Airways  non-scheduled  cargo  transport. 


General  Aviation  Transportation  for 
Hire 

Operating  outside  the  scheduled  common 
carrier  field  are  several  types  of  irregular 
air  carriers  which  provide  passenger  and 
cargo  transportation  on  a  "for  hire"  basis — 
air  taxi  services,  fixed-base  operators  flying 
special  charter  or  contract  flights,  and  non- 
scheduled  airlines. 

Among  these  groups,  the  non-scheduled 
airlines  or  "non-skeds"  are  commercially 
the  most  important,  both  in  the  United 
States  and  elsewhere.  Some  of  them  are 
several  years  older  than  the  scheduled  air- 
lines. Although  unable  to  publish  or  ad- 
vertise fixed  times  of  departure  and  arrival, 
they  find  customers  who  are  attracted  by 
the  dual  inducement  of  speed  and  low 
fares  or  low  freight  rates.  Not  infrequently 
these  non-scheduled  airlines  make  arrange- 
ments with  ticket  agencies  to  solicit  business. 

Exemplifying  the  irregularity  of  service 
which  gives  irregular  carriers  their  name  is 


the  following  intinerary  of  a  typical  cargo 
plane  whose  crew  knew  its  first  destination 
only.  The  airplane  left  Newark,  New  Jer- 
sey, for  Mexico  City  loaded  with  typewriters, 
radios,  and  textiles.  At  Mexico  City  the 
crew  took  on  a  load  of  bananas  for  New 
York.  At  New  York  they  were  ordered  to 
fly  to  Dublin  with  a  load  of  mixed  cargo. 
In  Dublin  they  found  six  race  horses  wait- 
ing to  be  flown  to  Los  Angeles.  After  de- 
livering these  animals,  they  loaded  18,000 
pounds  of  fresh  fruit  for  Alaska.  There 
they  took  aboard  gold  and  iced  salmon 
destined  for  Washington  and  New  York. 
Back  in  New  York  they  found  a  shipment 
of  radios  and  an  automobile  for  delivery 
to  Venezuela.  In  a  period  of  two  weeks, 
the  airplane  had  visited  three  countries  and 
one  territory  without  once  being  at  its  home 
base  in  St.  Joseph,  Missouri.15 


13  National  Aviation  Education  Council,  Flying 
Cargo  (Washington,  1956). 
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The  non-scheduled  airlines  suffered  a 
heavy  drop  in  cargo  business  in  1955  when 
their  freight  ton-miles  fell  from  24.8  to  18.3 
million.  This  drop  came  on  the  heels  .of  a 
series  of  successive  annual  declines  in  the 
nonscheduled  passenger  and  cargo  business. 

Most  of  the  business  of  the  non-skeds  ap- 
parently went  to  the  scheduled  operators, 
since  the  total  domestic  air  cargo  ton-miles 
flown  during  1955  increased  considerably. 
Trends  in  the  air  cargo  busines  are  depicted 
graphically  below  . 

While  the  large  irregular  cargo  business 
seems  to  be  on  the  decline,16  air  taxi  service 


10  The  development  of  the  larger  non-skeds  and 
their  concerted  but  vain  effort  to  receive  trunk- 
line  certification  from  the  CAB  are  described 
sympathetically  in  Robert  Bendiner's,  "The  Rise 
and  Fall  of  the  Non-skeds,"  The  Reporter,  Vol. 
16  (May  1957),  pp.  29-34. 
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PASSENGER  AND  CARGO  TRANSPORTATION  FOR  HIRE* 
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•INCLUDES  DOMESTIC  CIVIL  OPERATIONS  OF 
THE  LARGE  IRREGULAR  CARRIERS. 

Civil  Aeronautics  Administration,  Survey  of  Aircraft  Use 

is  on  the  rise,  despite  its  newness.  Approx- 
imately 1,400  air  taxi  operators  are  spread 
throughout  the  United  States.  Air  taxis 
are  now  available  at  almost  every  large  air- 
port. They  transport  films  and  newspapers, 
obtain  spare  parts,  and  provide  quick  con- 
nections with  oceanliners,  homes  and  offices, 
and  the  like. 


First  express  shipment  by  air,  1 91  0.     Cargo  consisted  of  a  bolt  of  silk  which  was  flown  from  Dayton  to  Columbus, 

Ohio. 

American  Transport  Association  Photo 
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Lockheed  Express  used  in  air-taxi  service  in  the  early  1930's.     The  plane  was  flown  by  Colonel  Roscoe  Turner, 
world-famous  pilot  of  the  decade  prior  to  World  War  II. 
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Air  Cargo  of  the  United  States:   Trends  and  Projections,  1943-60. 

Courtesy  of  American  Aviation 
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Speedy  transportation  of  vital  machine 
parts  is  so  essential  at  harvest  time  in  our 
great  farm  belt  areas  that  small  airport 
operators  have  standing  agreements  or  con- 
tracts to  procure  parts  from  supply  houses. 
They  use  small  aircraft  which  can  be  landed 
on  a  field  near  the  broken-down  piece  of 
equipment.  A  mere  phone  call  to  the 
aviation  firm  will  bring  a  new  part  by  the 
time  the  mechanic  is  ready  to  install  it. 

The  airplane  has  also  altered  the  distri- 
bution practices  of  newspapers  and  maga- 
zines, and  accordingly  has  affected  reading 
habits.  Years  ago,  for  example,  the  Boston 
and  Providence  newspapers  were  not  avail- 
able out  on  Cape  Cod  until  a  day  or  two  after 
publication.  There  was  no  way  to  speed  up 
delivery  until  an  enterprising  base  operator 
at  the  Hyannis  Airport  contracted  to  fly  in 
bundles  of  papers  each  day.    The  papers  sold 


rapidly  and  were  in  great  demand,  especially 
during  the  tourist  season.  Papers  from  many 
towns  are  now  regularly  flown  into  the  Cape 
Cod  area  and  are  readily  sold  at  bonus  prices. 

In  many  parts  of  the  country  the  airplane 
is  used  to  speed  up  regular  delivery  of  out- 
of-town  newspapers.  The  Salt  Lake  Trib- 
une uses  air  transportation  to  send  copies 
of  its  regular  edition  to  Yellowstone  National 
Park.  It  also  flies  special  election  editions 
as  far  north  as  Idaho.  The  Chicago  Daily 
News  is  flown  to  certain  sections  of  Wiscon- 
sin and  Michigan  to  people  who  want  regular 
deliveries  during  the  summer  holiday  season. 
Of  course  nationally  important  newspapers 
like  The  New  York  Times  are  flown  to  almost 
all  cities  in  the  United  States. 

From  England  newspapers  are  flown  to 
Central  Africa,  India,  and  Australia. 
Though  this  is  an  expensive  practice,  many 


UNITED  STATES  AIRCRAFT  ENGAGED  IN  AIR  TRANSPORTATION  * 


Active  operators 

Douglas 

Curtiss 

Lockheed 

Miscel- 
laneous 

Total 

DC-6 

DC-6B 

DC-4 

DC-3 

DC-2 

C-46 

L-1049 

L-749 

4 

1 

2 

3 
1 

3 

12 

2 

1 

6 
46 

4 
14 
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12 

10 
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48 
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7 

21 
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24 
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53 

3 

c  1 

5 

0 

0 

5 

21 

3 

b4 

a  3 

31 

Total 44 

1 

2 

48 

21 

1 

74 

4 

1 

4 

158 

Note. — Data  compiled  from  currently  effective 
Operations  Specifications — Aircraft  Identification — 
Form  518-A.  Includes  operators  certificated 
under  CAR  45,  in  addition  to  CAR  42.  Regional 
distribution  of  aircraft  is  based  on  location  of  the 
principal  maintenance  base  for  the  particular  air- 
craft involved. 


Courtesy  of  American  Aviation 

*This  does  not  include  the  irregular  air  carrier 
aircraft  below  12,500  lbs. 

a  3,  SA-16A  (Grumman  Albatross). 
b  3,  L-1049D;  1,  L-1049E. 
c  1,  B-18. 


196 


readers  nevertheless  are  willing  to  pay  the 
price.  To  overcome  this  obstacle,  specially 
prepared  airmail  editions  of  some  papers 
are  now  published.  Their  reduced  size  and 
weight  permit  corresponding  reductions  in 
price.  The  Manchester  Guardian  Weekly, 
for  instance,  issues  a  special  international 
airmail  edition  which  sells  in  the  United 
States  for  15  cents  and  is  available  to  students 
at  even  lower  group  rates.  In  the  U.  S.  S.  R. 
jet  airliners  make  daily  runs  from  Moscow 
and  Leningrad  to  all  key  cities  for  the  ex- 
press purpose  of  carrying  newspaper  plates 
of  the  latest  issues  of  Pravda  and  Izvestia. 
Thus  on  the  same  day  Soviet  citizens,  unlike 
their  Czarist  forebears,  can  read  the  same 
newspaper  with  the  same  government  line 
throughout  the  length  and  breadth  of  the 
empire. 

During  1954  the  irregular  carriers  of  the 
United  States  flew  14  million  miles  more 
than  all  the  scheduled  all-cargo  operators, 
the  local  service  scheduled  airlines,  the 
scheduled  territorial  airlines  of  Hawaii  and 
Alaska,  and  the  scheduled  helicopter  services 
put  together.17 


17CAA,  AWBI,  p.  21. 


INSTRUCTIONAL   FLYING 

Instructional  flying  may  be  defined  as  all 
dual  and  solo  flying  under  the  supervision  of 
an  instructor.  Its  annual  volume  of  1.3  mil- 
lion hours  approximately  equals  the  com- 
bined total  for  aerial  application  and 
transportation  for  hire.  Based  on  a  conserv- 
ative estimate  of  $10  charged  per  hour  of 
flying  instruction  ($12  for  dual  and  $9  for 
solo) ,  flight  instruction  represents  an  annual 
outlay  of  approximately  $13  million  by  flying 
enthusiasts. 

The  hours  consumed  in  instructional  flying 
amounted  to  14  percent  of  the  general  avia- 
tion total  for  the  continental  United  States 
during  1954.  The  figure  varied  moderately 
from  region  to  region,  ranging  from  1 1  per- 
cent in  the  southern  states  to  16  percent  in 
the  northeastern  and   north  central  states. 


Small  single-engined  aircraft  of  65  horse- 
power and  less  were  the  work  horses  of  the 
flight  schools,  flying  671,000  hours  or  more 
than  one-half  the  instructional  aggregate. 

That  the  2.000  or  more  flight  and  ground 
schools  in  operation  constitute  an  invaluable 
asset  to  national  defense  has  been  proved  by 
the  history  of  instructional  flying  in  recent 
years.  With  the  decline  in  the  number  of 
World  War  Il-trained  fliers,  there  is  today 
again  a  growing  need  for  the  services  of  the 
civilian  instructional  flying  schools. 

Civil  flight  training  has  been  the  most 
volatile  type  of  general  aviation  activity.  Its 
abrupt  rises  and  falls  have  been  closely  keyed 
to  the  military  program,  with  a  rapid  growth 
during  World  War  II  under  the  civilian  pilot 
training  program,  and  an  even  larger  ex- 
pansion following  the  war  under  the  stimulus 


492600   O  -59  -  14 
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of  the  G.  I.  Bill  of  Rights  flight  training 
program.  From  1947  to  1953,  however,  in- 
structional flying  experienced  a  steady  drop 
as  the  Veterans  Administration  brought  the 
G.  I.  program  under  more  stringent  regu- 
lation. 

During  the  six-year  period,  while  instruc- 
tional flying  fell  off  in  number  of  hours, 
other  general  aviation  activities  were  grad- 
ually gaining.  But  in  spite  of  such  dips, 
flight  training  seems  likely  to  continue  as  a 
sizeable  activity  since  it  is  the  basic  founda- 
tion for  all  types  of  general  aviation  opera- 
tions. Without  a  constantly  available  and 
substantial  supply  of  trained  fliers  to  draw 
upon  for  its  needs,  aviation  cannot  remain 
dynamic. 

In  recognition  of  this,  the  CAA  has  in- 
augurated a  program  of  aviation  education 
which  is  designed  to  stimulate  interest  in 
aviation  among  high  school  students.  This 
program,  now  under  way,  is  attempting  to 
capture  the  interest  of  youth  at  an  early  age 
and  to  keep  it  alive  at  later  age  and  grade 
levels.  The  specific  course  offered  at  present, 
Aviation  in  the  Modern  World,  is  explora- 
tory in  nature  and  provides  interesting  and 
valuable  vocational  guidance  to  students  en- 
rolled in  the  Industrial  Arts  or  Vocational 
Education  programs  of  high  schools.  Since 
qualified  teachers  will  be  needed  to  imple- 
ment the  program,  the  CAA  is  also  trying  to 
help  teacher-training  institutions  to  estabisl 
aviation  curricula. 

PLEASURE   FLYING 

Pleasure  flying  is  the  use  of  general  avia- 
tion aircraft  for  purposes  of  recreation  or 
personal  convenience.  Included  in  the 
pleasure  category  are  local  and  cross-country 
flights  connected  with  such  diverse  activities 
as  sightseeing,  touring,  hunting,  fishing,  and 
other  forms  of  sport.  And,  of  course,  there 
are  those  flights  which  offer  nothing  other 
than  the  sheer  enjoyment  of  being  in  the  air 
and  handling  an  airplane. 

Second  only  to  business  flying  in  volume, 
pleasure  flying  accounts  for  one-fifth  to  one- 
quarter  of  the  hours  logged  in  the  field  of 


general  aviation.  Over  one-half  the  nation's 
non-airline  planes  are  employed  to  some  ex- 
tent for  pleasure.  Naturally,  the  single- 
engined  type  lends  itself  best  to  this  function. 
The  multi-engined  aircraft  plays  a  small  role 
at  best  in  pleasure  flying.  A  forecast  of  fu- 
ture growth  trends  in  this  sector  is  shown 
below. 


Student  being  helped  with  parachute  by  his  glider 

pilot  instructor.      Not  only  is  glider  flying  becoming 

a  popular  sport,  but  is  also  an  excellent  means  for 

obtaining    an    understanding    of    the    aerodynamics 

of  powered  flight.  ,-.,,- 

U.  S.  Air  Force  Photo 


Pleasure  flying  represents  about  one-fifth  of  all 
general  aviation  flying.  Private  ownership  of 
pleasure  aircraft  is  rapidly  growing  in  the  United 
States. 
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GENERAL  AVIATION  FLYING:  SUMMARY 
AND   CONCLUSION 

We  have  seen  that  in  recent  decades  the 
commercial  advantages  of  the  airplane  have 
been  conclusively  demonstrated  in  a  variety 
of  activities  outside  of  the  scheduled  airline 
field.  The  airplane  now  performs  a  host  of 
functions  related  to  the  successful  daily  oper- 
ation of  the  economic  and  social  order.  In 
its  use  by  corporations  and  individual  busi- 
ness men,  farmers,  and  ranchers,  aerial  appli- 
cation specialists,  irregular  carriers  and  oper- 
ators involved  in  commercial  patrol,  survey, 
and  other  enterprises,  it  serves  private  ends 
but  at  the  same  time  works  for  the  general 
welfare.  It  also  performs  specific  public 
service  functions  in  Civil  Air  Patrol  work, 
conservation  and  game  surveys,  geological 
surveys,  forest  patrols,  border  patrols,  and 
community  insecticide  spraying  campaigns. 

The  general  aviation  airplane  also  serves 
directly  and  indirectly  in  the  defense  of  the 
nation  whenever  the  need  arises.  Its  worth 
as  a  defense  tool  is  indicated  in  the  following 
statement  by  Donald  W.  Nyrop,  Administra- 
tor of  the  Civil  Aeronautics  Administration 
at  the  time  of  the  Korean  War:  ".  .  .  Our 
Aviation  Development  Advisory  Commit- 
tee .  .  .  has  stressed  the  great  variety  of 
contributions  which  non-airline  flying  makes 


to  our  national  defense  and  welfare.  .  .  . 
We  know,  for  example,  that  food  is  a  weapon, 
and  that  the  5,000  planes  doing  agricultural 
flying  conserve  hundreds  of  millions  worth 
of  crops.  We  know  that  the  more  than  2,000 
flight  and  ground  schools  may  be  needed  for 
training  purposes  if  the  armed  forces'  air 
personnel  requirements  increase  greatly. 
We  know  that  the  use  of  small  planes  for 
pipeline  patrol,  ambulance  service,  and 
countless  other  utilitarian  purposes  has  a 
place  in  a  defense  economy  just  as  much  as 
in  peacetime.   .   .   ." 

There  is  no  doubt  that  the  tens  of  thou- 
sands of  general  aviation  aircraft  would  be  an 
invaluable  national  resource  in  an  emer- 
gency. The  2,100  planes  of  the  multi- 
engined general  aviation  business  fleet  (a 
force  larger  than  the  scheduled  airline  fleet) 
could  be  employed  in  numerous  transporta- 
tion capacities;  and  the  many  lighter  general 
aviation  aircraft  would  be  at  least  as  useful 
because  of  their  ability  to  land  in  small  areas 
under  difficult  conditions.  In  the  event  of 
a  major  nuclear  war  general  aviation  air- 
craft could  render  critical  aid  to  devastated 
urban  areas,  and  help  to  restore  their  links 
with  the  outside  world. 

In  war  or  in  peace  general  aviation  con- 
tributes significantly  to  the  effective  func- 
tioning of  the  community  and  the  nation. 
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PART  TWO 

Air  Vehicles  and  Principles  of  Flight 


In  Part  One  we  became  familiar  with  the  pyramidal  structure 
of  a  nation's  air  power.  From  our  initial  discussion  of  the 
fundamental  factors  or  elements  of  air  power — both  primary  and 
secondary — we  saw  that  at  the  apex  of  the  nation's  air  power  pyra- 
mid is  its  military  air  force.  Chapters  2  through  6  demonstrated 
how  the  air  force-in-being  depends  upon  and  exists  as  a  result  of 
the  nation's  efforts.  These  efforts  are  centered  particularly  in 
research  and  development,  aircraft  and  missile  construction,  and 
the  civil  aviation  complex  of  airways,  airlines,  and  general  avia- 
tion. Rising  from  the  foundations  provided  by  these  elements  is 
the  nation's  military  air  force.  The  supreme  embodiment  of 
America's  air  power  is,  of  course,  the  USAF.  In  order  to  better 
understand  the  Air  Force  itself,  however,  it  is  necessary  to  gain 
some  conception  of  the  individual  vehicles  of  the  Air  Force  and 
how  they  are  operated. 

In  Part  Two  we  shall  discuss  the  functions  and  parts  of  an  air 
vehicle,  principles  of  flight,  and  methods  of  propulsion  and  naviga- 
tion. Finally,  we  shall  take  a  look  at  what  the  future  may  hold  in 
the  way  of  air  and  space  vehicles. 


PART 


CHAPTER 
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The  Elements  of  an  Aircraft 

There  are  six  functions  represented  in  the  design  and 
structure  of  any  useful  flying  vehicle :  First,  it  must  have  some 
means  of  carrying  something  other  than  itself — a  weapon,  a  passen- 
ger, a  cargo,  or  something  else.  Second,  it  must  have  a  means  of 
levitation,  a  device  which  will  provide  a  lift  force  sufficient  to  take 
it  up  and  keep  it  up  without  direct  support  from  the  ground. 
Third,  it  must  have  a  means  of  propulsion  to  move  it  forward. 
Fourth,  it  must  have  a  system  to  control  its  attitude,  position,  speed, 
and  so  on.  Fifth,  it  must  have  navigation  devices  to  assure  that 
it  arrives  at  its  intended  destination.  And  sixth,  it  must  have  some 
ground-handling  apparatus  to  permit  ease  of  take  off,  landing,  and 
moving  about  on  the  ground.     This  is  usually  a  landing  gear. 

In  the  airliner  that  lands  at  your  municipal  airport,  these  ele- 
ments appear  in  their  most  familiar  form — a  fuselage  for  carrying, 
wings  for  lift,  engines  with  propellers  for  propulsion,  conventional 
compasses  and  other  instruments  for  navigation,  wheels  for  land- 
ing— but  these  structures  were  not  always  like  this,  and  need  not 
be  in  the  future. 
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Orville  Wright  flying  the  \Vri9ht  "Flyer"  at  Fort 
Myer,  Va.,  in  1908.  The  plane  used  skids  for 
landings  and  take-offs  and  was  propelled  by  a  35 
horsepower  engine. 


A      Curtiss  pusher  biplane  at  Sheepshead  Bay,  N.   Y., 

A      1910.     Charles  F.  Willard  is  at  the  controls.     Beside 

him,  Maj.  J.  E.  Fickal  is  holding  the  first  rifle  ever 

fired  from  an  airplane.      Note  the  plane's  tricycle 

landing  gear. 


The  purpose  is  to  clarify  the  essential  func- 
tions and  to  show  the  diversity  of  possible 
ways  of  achieving  them.  In  later  chapters, 
we  will  discuss  in  greater  detail  the  more 
common  approaches  to  building  these  ele- 
ments into  an  aircraft. 

In  this  chapter,  many  variations  of  form 
for  these  six  essential  functions  will  be  illus- 
trated,  and  further  possibilities  discussed.1 


1  Nearly  all  modern  aircraft  have  two  additional 
systems.  One  provides  communication  among 
persons  within  the  aircraft,  and  between  them 
and  the  ground  or  other  aircraft.  The  other  is 
called  the  energy  distribution  system  and  provides 
the  electrical  or  hydraulic  power  to  operate  the 
other  systems. 


CARRYING   SPACE 

The  major  carrying  space  of  a  flying  ve- 
hicle is  usually  in  the  fuselage.  Typically, 
the  fuselage  is  designed  to  contain  the  pilot 
and  other  crew  members,  the  cargo,  the 
passengers,  the  radios,  the  navigational  de- 
vices, weapons  and  weapon-aiming  systems, 
cameras,  and  perhaps  some  or  all  of  the  fuel. 

However,  in  many  aircraft,  fuel  is  con- 
tained in  wing  tanks,  or  in  tip  tanks,  or  in 
auxiliary  tanks  slung  below  the  fuselage. 
Weapons  may  be  mounted  inside  or  under 
the  wings,  or  in  various  kinds  of  pods. 
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Daratroopers  boarding  a  C-1  23.  This  aircraft  can 
:arry  60  fully  equipped  combat  troops,  or  can  be 
converted  to  carry  more  than  50  stretcher  patients 
and  attendants. 


Cargo  compartment  in  an  Air  Force  C-1  24  "Globe- 
master."  With  10,000  cubic  feet  of  usable  cargo 
space,  the  C-1 24  easily  handles  the  "Snark" 
missile  being  loaded  for  shipment.  The  compart- 
ment can  be  converted  into  a  two-decked  carrier 
for  over  200  troops. 


An  Air  Force  C-97  transport  being  loaded  through 
large  doors  in  its  tail  section.  Its  60-foot-long  cargo 
deck  can  accommodate  three  fully-loaded  1  %-ton 
trucks  or  134  troops  and  their  equipment. 


<\ptly  named  the  "Workhorse,"  the  Army's  H-21    k 
lelicopter  can  carry  20  combat  troops,  cross-country    W 
vehicles  or  guns  on  tow  cables  beneath   its  fuselage. 
Here  an  H-21    is  carrying  a  quarter-ton  jeep  during 
3  training  mission. 


LIFT 

The  second  essential  element  is  a  device 
or  system  for  raising  the  vehicle  off  the 
ground.  The  earliest  practical  aircraft  used 
lighter-than-air  gases  to  achieve  levitation. 
This  is  still  the  most  efficient,  practical 
source  of  pure  lift,  for  the  balloon  actually 
uses  the  weight  of  the  normal  atmosphere  to 
float  the  aircraft  off  the  ground. 

It  is  commonly  thought  that  no  expendi- 
ture of  energy  is  necessary  to  achieve  lift  with 
a  balloon.    This  is  incorrect,  for  the  lift  force 


ing  machinery  and  the  pumps  for  inflating 
the  balloon  can  be  located  on  the  ground  and 
not  carried  in  the  aircraft.  This  is  a  tremen- 
dous advantage. 

To  descend,  lighter-than-air  vehicles  must 
either  release  gas  or  acquire  weight.  The 
former  procedure  is,  of  course,  wasteful ;  the 
latter  is  difficult  but  not  impossible.  For 
example,  certain  dirigibles  acquired  some 
weight  by  condensing  the  water  vapor  from 
their  engine  exhausts. 

If  it  were  not  for  their  great  bulk  and  their 
vulnerability  to  attack  and  to  the  forces  of 
nature,  bags  or  tanks  of  lighter-than-air  gases 
would  be  very  attractive  to  the  aeronautical 
designers  as  a  source  of  lift.  And  indeed, 
they  still  have  their  uses  in  the  Navy  blimps 
used  as  radar  pickets  and  search  vehicles. 

We  are  used  to  thinking  of  lighter-than- 
air  craft  as  slow.  Actually,  there  is  no  reason 
why  they  could  not  be  made  to  fly  at  very 
high  speeds.    But  they  are  necessarily  bulky, 


lyear  Airship 


This  U.  S.  Navy  ZS2G-1  Airship  uses  650,000  cubic  feet  of  helium  for  lift. 


must  come  from  somewhere.  In  fact,  the 
total  amount  of  work  involved  in  inflating 
the  balloon  with  lighter-than-air  gas  is  about 
the  same  as  the  total  lifting  potential  of  the 
inflated  balloon.    However,  the  gas-generat- 
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for  it  takes  a  great  volume  of  helium  (the 
most  commonly  used  gas)  to  lift  any  appreci- 
able weight.  They  are  therefore  unwieldy 
and  make  good  targets.  While  the  wing  is 
certainly  more  efficient  and  economical  at 


_^^^  U.  S.  Air  Force  Photo 

One  of  the  extra-curricular  activities  for  cadets  at 
the  Air  Force  Academy  is  the  Cadet  Soaring  Club. 
The  Club  has  both  high  performance  sailplanes  and 
two-place  training  gliders  like  the  one  shown  here. 

An  Air  Force  high  altitude  meteorological  balloon    » 
inflated   with   hydrogen   ready  for  launching.      Hy-    m 
drogen   has  the  greatest  lifting  power  of  all   gases,    ' 
but   is   highly   explosive   when    mixed   with   oxygen 
and  must  be  handled  with  extreme  care. 


U.  S.  Air  Force  Photo 


U.  S    Air  Force  Photo 

Goppingen  "Minimoa"  sailplanes  have  reached  altitudes  in  excess  of  40,000  feet. 


present,  it  would  be  unwise  to  completely 
forget  the  light  gases  as  a  source  of  lift  for 
high-performance  aircraft.  Someday  we 
may  learn  to  use  them  in  a  new,  unimagined 
type  of  vehicle. 

Another  source  of  lift,  and  one  widely  used 
since  the  earliest  days  of  aviation  is  the 
natural  movement  of  air  in  the  atmosphere. 
A  leaf  flying  on  the  wind  is  the  simplest 
example,  and  a  kite  is  very  similar.  The 
sailplane,  too,  derives  its  lift  and  forward 
motion  entirely  from  air  movement  and  its 
own  movement  in  the  air.  The  sailplane 
pilot,  once  off  the  ground,  uses  his  knowledge 
of  meteorology  3  to  find  thermals  or  other 


1  Meteorology  is  the  science  of  weather  and  the 
dynamic  processes  of  the  atmosphere. 


updrafts  of  air.  He  flies  in  an  updraft  until 
it  lifts  him  to  sufficient  altitude  to  glide  to 
the  next  updraft,  which  lifts  him  again,  and 
so  on.  This  technique  of  flight  is  known  as 
soaring,  and  is  today  quite  a  popular  sport 
here  as  well  as  abroad.  Thermals  or  other 
updrafts  may  be  used  as  a  source  of  lift  for 
powered  aircraft,  too,  and  can  be  of  great 
assistance  in  gaining  altitude  with  a  mini- 
mum of  fuel  consumption. 

Though  flight  is  entirely  possible  without 
any  engine  at  all,  unpowered  aircraft  are 
inevitably  dependent  upon  weather  condi- 
tions and  other  factors  which  make  them  less 
reliable  than  can  be  tolerated  for  most  prac- 
tical purposes.  For  this  reason,  all  but  a 
small  percentage  of  the  actual  flying  done 
today  is  in  powered  vehicles. 
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Modern  engines  have  now  been  developed 
which  can  produce  more  thrust  than  the 
total  weight  of  the  vehicle  and  its  normal 
load.  It  is  therefore  possible  to  use  the 
engine  alone  as  a  source  of  lift  force.  The 
Air  Force's  "Vertijet"  rises  straight  up  on 
the  blast  of  its  single  jet  engine  and  then  flies 
like  a  conventional  jet  aircraft. 


^^.  U.  S.  Air  Force  Photo 

The  Air  Force  X-1  3  "Vertijet"  rises  solely  on  the 
thrust  from  its  jet  engine.  A  highly  mobile  ground 
service  trailer  serves  as  the  only  runway  it  needs. 

Nor  is  this  all.  There  is  the  Lippisch 
aerodyne,  an  experimental  device  which  has 
no  wings  and  depends  solely  on  down-blasts 
of  air  for  its  lift  forces.  Another  experi- 
mental plane,  the  Coanda  "lenticular  aero- 
dyne," has  a  disk-shaped  wing  and  a  power- 
plant  with  no  moving  parts. 

What  the  future  may  hold,  we  do  not 
know.  Perhaps  levitation  will  be  achieved 
by  some  new  and  startlingly  different  prin- 
ciple such  as  electrostatics  or  electrodynam- 
ics, or  even,  perhaps,  by  antigravitational 
devices.  Several  scientists  have  seriously 
proposed  that  negative  gravitational  matter 
may  exist  and  they  point  to  certain  anom- 
alies in  various  existing  theories  as  possible 
evidence. 


Courtesy  of  Collins  Radio  Corporatio 


Artist  conception  of  the  proposed  "Aerodyne"  air- 
liner developed  by  Dr.  Alexander  Lippish.  This 
wingless  aircraft  will  take  off  and  land  vertically, 
hover  like  a  helicopter,  and  cruise  like  an  airliner. 

Meanwhile  most  aircraft  will  continue  to 
obtain  lift  by  application  of  aerodynamic 
principles  involving  air  motion  over  a  wing. 
For  this  reason,  the  next  chapter  will  be 
devoted  to  showing  how  lift  is  achieved  by  a 
wing.  Since  the  discussion  there  will  be 
limited  to  conventional  airfoils,  it  is  not  out 
of  place  now  to  mention  and  illustrate  some 
other  recent,  and  perhaps  promising,  varia- 
tions. For  example,  the  channel-wing,  de- 
signed to  achieve  maximum  lift  with  mini- 
mum forward  motion,  is  still  in  develop- 
mental stages.  It  is  said  to  permit  landing 
speeds  as  low  as  5  mph. 


^^^  Courtesy  of  Custer  Channel  Wing  Corporat 

Experimental  model  of  channel-wing  aircraft.  The 
half-barrel  shaped  wings  are  designed  to  permit 
extremely  short  take-off  and  landing  runs. 
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The  coleopter,  a  joint  French  and  Ger- 
man invention,  employs  a  cylindrical  wing 
and  is  designed  to  achieve  vertical  takeoff 
and  landing.  The  ring-shaped  4  wing  pro- 
vides a  ducted-fan  effect  similar  to  that  of 
the  "Flying  Platform,"  and  is  quite  capable 
of  lifting  the  coleopter  off  the  ground.  How- 
ever, stability  problems  have  led  to  the  addi- 
tion of  short  conventional  wings.  The 
result  is  the  Leduc  022. 


U.  S.  Navy 

Hiller  "Flying  Platform,"  the  first  aircraft  to  fly  using 
the  ducted-fan  principle  for  lift  and  propulsion. 
The  pilot  guides  the  craft  by  shifting  his  weight  in 
the  direction  he  wants  to  go. 

What  success  these  and  many  other  wing- 
variations  may  achieve  is  still  a  matter  of 
conjecture.  That  they  will  have  some  kind 
of  application  to  some  future  purpose  can, 
however,  be  said  with  confidence. 


1  Or  collar-shaped.  The  French  word  for 
"collar"  is  col.  The  Greek  word  for  "wing"  is 
pteron.  Hence,  "coleo-pter."  Consider  the 
word  "helicopter,"  from  the  Greek  helix  for 
"spiral"  and  pteron  for  "wing."  Hence,  "helico- 
pter." 


PROPULSION 

As  we  have  seen,  most  modern  aircraft 
rely  upon  a  propulsion  system  as  a  source  of 
power  to  provide  both  forward  motion  and 
lift.  The  first  successful  aircraft  power- 
plant  was  the  reciprocating  gasoline  engine, 
and  it  is  still  widely  used.  This  type  of  en- 
gine is  normally  built  to  drive  a  propeller  or 
propellers.  The  engine  plus  the  propeller 
comprise  a  propulsion  system. 

More  recent  developments  are  various 
kinds  of  jet  engines  which  propel  aircraft 
through  the  atmosphere  with  a  tremendous 
blast  of  hot  gases,  and  the  turboprop  which 
combines  propeller  and  jet  blast. 

The  future  possibilities  in  propulsion  in- 
clude a  ramjet  engine  electrically  heated  by 
nuclear-decay  batteries.  Such  an  engine 
would  require  little  or  no  fuel  at  its  peak 
operating  efficiency  (high  speed  at  high  alti- 
tude). Another  intriguing  possibility  for 
fuelless  ramjet  propulsion  is  based  on  the 
fact  that,  at  very  high  altitudes  (the  iono- 
sphere) the  oxygen  and  nitrogen  in  the  af- 
mosphere  are  dissociated — they  exist  in 
atomic  rather  than  molecular  form.  A  ram- 
jet might  be  designed  to  draw  upon  the  vast 
energy  which  would  be  made  available  if 
these  dissociated  atoms  were  recombined  by 
means  of  a  chemical  catalyst.  A  catalyst 
which  will  perform  this  operation  was  found 
in  1957.  Since  the  catalyst  itself  would  not 
be  consumed  in  the  process,  no  fuel  whatso- 
ever would  be  required  for  travel  within  the 
ionosphere. 

Another  source  of  thrust  is  the  rocket. 

Rocket  propulsion  is  used  on  both  manned 
and  unmanned  craft,  but  for  various  reasons 
it  is  at  present  better  suited  to  missiles.    The 
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An  Air  Force  Martin  "Matador,"  powered  by  an 
Allison  turbojet  engine,  is  shown  roaring  away  from 
its  launcher.  With  a  powerful  blast  from  its  engine 
and  rocket-assisted-take-off  (RATO)  bottle,  it  is 
fired  from  a  roadable  launcher  no  bigger  than  the 
Matador  itself. 


U.  S.  Air  Force  Photo 
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U.  S.  Air  Force  Photo 


An  Air  Force  B-47  "Stratojet"  making  a  rocket-assisted-take-off.  Note  its  bicycle  landing  gear 

and  the  two  outrigger  wheels. 


U.  S.  Air  Force  Photo 

The  Air  Force  B-36  heavy  bomber  uses  a  combination  propulsion  system.  It  is  propelled  by  six 
pusher-type  reciprocating  engines  and  four  jet  engines. 


rocket,  however,  has  the  tremendous  advan- 
tage that  it  does  not  depend  upon  the  exist- 
ence of  an  atmosphere.  It  is  therefore 
ideally  suited  to  space  travel. 

There  has  been  and  probably  will  be  much 
debate  over  the  superiority  of  liquid  or  solid 
rocket  fuels.  At  present  solid  fuels  are  safer 
to  handle,  but  less  powerful.  The  liquid 
fuels  require  far  more  complex  machinery 
for  pumping  and  combining  but  can  produce 
greater  thrust  per  pound  of  fuel. 

New  solid  propellants  made  of  nitro- 
polymer  compounds  may  bring  both  in- 
creased power  and  better  reliability,  and  the 
so-called  "exotic  fuels"  with  a  base  of  boron 
promise  to  deliver  twice  the  power  of  the 
previous  liquids.  Plans  were  begun  in  1957 
for  a  Mach  3.0  bomber  intended  to  fly  at 
75,000  feet,  perhaps  with  a  chemical-fuel 
ramjet.5 


'  At   75,000   feet,    Mach    3.0   would   be    nearly 
2,000  mph. 


An  F-84  "Thunderjet"  is  launched  from  the  same 
truck-mounted  platform  used  for  the  Matador, 
and  using  the  same  booster  rocket.  Despite  the 
sudden  acceleration,  the  pilot  maintains  full  con- 
trol at  all  times.  The  shock  is  less  than  that  expe- 
rienced in  a  catapult  take-off.  Such  launchers  may 
eliminate  the  need  for  take-off  runways  under 
certain  combat  conditions. 
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At  least  one  company  is  now  building  a 
rocket  engine  equipped  with  a  throttle. 
This  is  a  tremendous  step  forward,  for  all 
previous  rockets  burned  at  predetermined 
rates  which  were  uncontrollable  once  the 
rocket  was  ignited.  Rocket-powered  trans- 
port planes  are  already  being  designed  and 
some  experts  predict  they  may  someday  carry 
passengers  from  New  York  to  San  Francisco 
in  little  more  than  an  hour.  North  Ameri- 
can's X-15  piloted  rocket  plane  is  scheduled 
to  fly  as  high  as  100  miles  at  speeds  up  to 
5,000  mph. 

Nuclear  reactors  have  great  advantages  as 
powerplants,  and  active  research  is  now  in 
progress  under  direction  of  the  Air  Research 
and  Development  Command  to  develop 
nuclear-powered  aircraft.  The  energy 
available  from  a  reactor  is  normally  in  the 
form  of  heat.  Heat  energy  can  be  trans- 
formed to  rotation  of  a  propeller  shaft  or  to 
some  other  form  of  propulsion.  A  turbojet 
engine  powered  exclusively  by  the  heat  from 
an  experimental  atomic  reactor  was  tested  in 
1957.  There  also  seems  to  be  some  possi- 
bility of  using  nuclear  "batteries"  instead  of 
reactors.  The  answers  are  not  yet  known, 
but  there  is  more  reason  to  expect  success 
than  failure.  Nuclear  submarines  are  in 
operation.  Development  of  the  nuclear  air- 
craft is  only  a  matter  of  time. 

Early  in  1957,  the  Air  Force  announced 
that  research  contracts  had  been  signed 
with  Convair,  Avro,  Rocketdyne  and  other 


companies  to  explore  ionic  drive,  a  propul- 
sion engine  similar  to  a  linear  accelerator 
(rather  like  a  straight-line  cyclotron) .  The 
linear  accelerator  produces  a  blast  of 
charged  atomic  particles,  giving  a  very  small 
but  constant  thrust.  Ionic  drive,  which 
would  be  practical  only  in  outer  space,  would 
theoretically  drive  a  vehicle  at  velocities 
approaching  that  of  light  (over  670,000,000 
mph).  A  space  craft  equipped  with  ionic 
drive  would  also  have  to  have  rockets  or  jets 
or  some  other  propulsion  system  for  use  in 
atmospheres  and  to  achieve  "escape  veloci- 
ties." 6 

Combinations  of  two  or  more  propulsion 
systems  are  not  new.  The  B-36  uses  both 
reciprocating  gasoline  engines  and  jet  en- 
gines, the  French  SO-9050  Trident  II  inter- 
ceptor has  rockets  in  its  tail  and  jet  engines 
at  each  wing  tip,  and  the  British  Saunders- 
Roe  SR-53  will  have  a  similar  combination. 

Many  other  radical  proposals  have  been 
expounded  from  the  "photon  rocket"  which 
uses  light  for  propulsion,  to  "psychokinesis," 
a  phenomenon  related  to  mental  telepathy. 
Most  seem  fantastic,  and  some  are  probably 
based  on  invalid  assumptions,  but  we 
would  do  ourselves  a  great  injustice  if  we 
ignored  them  merely  because  they  seem 
absurd  today.     Tomorrow — who  knows? 


6  Escape  velocity.  The  velocity  necessary  to 
escape  the  gravitational  pull  of  the  earth  or  other 
satellite.     For  earth,  it  is  25,000  miles  per  hour. 


Rocket-powered  Bell  X-2,  designed  to  probe  the  "thermal  barrier,"  shown  resting 

on  its  ground  service  dolly. 


U.  S.  Air  Force  Photo 


ZONTROL 

The  fourth  essential  element  of  a  flying 
nachine  is  a  system  to  control  its  airspeed, 
iirection,  attitude,  altitude,  and  equilib- 
rium. The  exterior  devices  for  aerodynamic 
:ontrol  on  a  conventional  aircraft  are  the 
iilerons,  the  elevators,  the  rudder,  spoilers, 
md  trim  tabs. 

In  some  aircraft  certain  control  functions 
nay  be  combined  in  a  single  set  of  control 
urfaces,  for  example  in  the  elevons  of  the 
3-35  and  B-49,  the  flaperon  of  the  B-47,  or 
n  the  V-tail  of  the  Beech  Bonanza.  The 
pacial  orientation  (or  "attitude"  )  of  an  air- 
:raft  can  also  be  controlled  by  other  means. 
Experiments  have  shown  the  possibility  of 
ising  air  blasts  directed  in  different  direc- 
ions  to  control  the  attitude  of  certain  VTOL 
Vertical  Takeoff  and  Landing)  craft.  The 
/ertijet  controls  its  attitude  during  takeoff 
ind  landing  by  deflections  of  its  jet  blast. 


I"he  British  "Flying  Bedstead"  rises  on  deflected  jet  k 
jlasts.  Stability  is  controlled  by  compressed  air  j 
discharged  through  Four  outboard  jet  nozzles. 


Certain  missiles  control  direction  and  atti- 
tude by  swivelling  the  rocket  engine  to  vari- 
ous angles. 

Attitude  changes  can  also  be  brought 
about  simply  by  altering  the  position  of  the 
center  of  gravity,  as  is  well  known  to  any 
pilot  who  has  had  to  correct  a  C-45's  ele- 
vator trim  as  the  nose-tank  fuel  was  used  up, 
or  who  has  felt  the  effects  of  unequal  rate 
of  flow  from  the  tip-tanks  of  a  jet.  The 
Langley  airdrome,  which  preceded  the 
Wright  "Flyer"  but  never  flew  successfully, 
was  originally  designed  to  achieve  attitude 
changes  by  shifting  the  center  of  gravity  of 
the  aircraft.  Perhaps  some  future  craft  will 
control  its  attitude  by  pumping  a  heavy 
liquid  from  tank  to  tank  in  the  wings,  tail, 
etc. 

But  like  the  wing,  the  conventional  con- 
trol surfaces  are  likely  to  be  with  us  for  some 
time,  and  we  shall  therefore  treat  them  in 
detail  later. 


mm 
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Courtesy  of  British  Information  Services 


Conventional  control  surfaces  on  the  L-17  aircraft. 
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NAVIGATIONAL   DEVICES  AND   FLIGHT 
INSTRUMENTS 

The  fifth  essential  element  is  a  system  for 
controlling  (or  helping  the  pilot  control) 
the  path  of  flight.  Whether  manned  or  un- 
manned, an  aircraft  in  flight  is  normally  go- 
ing to  some  particular  place.  Devices  must 
be  included,  then,  which  will  assure  that  it 
does  not  become  lost. 


The  basic  navigational  and  flight  instru- 
ments, found  in  even  the  simplest  modern 
aircraft,  are  illustrated  here:  the  altim- 
eter, the  airspeed  indicator,  the  compass, 
and  the  clock.  Others  frequently  found 
even  in  light  planes  are  the  rate-of-climb 
indicator,  the  thermometer,  the  gyrocom- 
pass, the  "ball  bank"  indicator,  and  various 
kinds  of  radio  navigation  aids. 

Of  course,  we  may  consider  the  window 
and  the  map  as  important  navigational  de- 
vices, too.  But  the  window  is  of  little  use 
when  flying  over  or  through  clouds.  Many 
aircraft  therefore  carry  electronic  "win- 
dows" which  provide  a  picture  of  the  ground 
through  the  use  of  radar. 

The  automatic  pilot  can  be  considered  a 
navigational  aid,  for  it  can  control  direction 
and  altitude  better  than  a  pilot  in  many 
circumstances. 


Instrument  panel  of  a  C-45  aircraft. 
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Courtesy  of  Ryan  Aeronautical  Corporation 


lis  airborne,  self-contained,  electronic  "automatic  navigator,"  a  Doppler  system  developed  by 
by  the  U.  S.  Navy  and  Ryan  Aeronautical  Company,  makes  manual 
navigation  computations  almost  unnecessary. 


ese  two  instruments  are  the  indicators  of  the  very- 
gh-frequency  omnirange  system  (VOR).  The  sys- 
n  employs  special  transmitters  located  along  prin- 
Dal  air  routes  throughout  the  Nation  and  provides 
i  extremely  accurate  and  reliable  navigation  aid. 


"Light  multiplier"  tube  developed  by  Westinghouse 

for  the  Air  Force's  "Cat-Eye"  system,  a  navigational 

aid  that  permits  pilots  to  see  in  the  dark  with  daylight 

clarity. 

^P**"  Courtesy  of  Westinghouse 


GROUND   HANDLING   SYSTEMS 

Unless  the  aircraft  is  designed  to  be  de- 
stroyed on  completion  of  its  flight  (i.  e.,  mis- 
siles), it  must  have  a  sixth  element — a  land- 
ing device.  The  illustrations  show  some  of 
the  many  kinds  of  devices  designed  to  per- 
form this  function. 

The  landing  gear  presents  great  problems 
to  the  aircraft  designer.  In  a  bomber  it 
accounts  for  5  to  6  percent  of  the  weight, 
and  in  a  fighter  it  may  account  for  a  much 
as  8  percent.  This  weight  is  a  dead  burden 
in  flight.  Furthermore,  the  landing  gear 
must  be  located  near  the  aircraft's  center  of 
gravity  (except  for  "bicycle"  gear)  and  that 
is  just  where  the  designer  wants  to  put  the 
fuel  and  the  load.  The  gear  must  be  ca- 
pable of  withstanding  tremendous  shocks 
and  yet  be  retractable  to  reduce  drag.  It 
must  be  strong  enough  to  hold  under  great 
sideward  stresses,  and  the  mechanism  for  re- 
tracting and  lowering  must  be  near  perfect 
in  reliability. 


The  flying  boat  aircraft  eliminates  gear, 
but  the  additional  structures  needed  to 
strengthen  the  hull  approach  the  same 
weight  as  landing  gear.  And  a  flying  boat 
is  a  compromise  between  the  most  desirable 
aerodynamic  shape  and  the  best  hydro- 
dynamic  shape  and  so  cannot  be  the  best  of 
either. 


^i^.  U.  S.  Air  Force  Photo 

The    L-1  3,   America's   first  all-metal    liaison   plane, 
uses  a  conventional  landing  gear. 


One  of  the  main  landing  gears  on  a  B-36  bomber. 


Landing  gear  strut  and  wheel  of  an  L-1  9  airplane. 

From  ATC  Manual — Liaison  Mechanics  (US  Air  Force) 
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U.  S.  Air  Force  Photo 


Pontoon-equipped  De  Haviland  L-20  in  flight. 
Named  the  "Beaver,"  the  plane  is  used  largely  in 
the  Arctic  regions. 


Combination    wheel-ski    landing    gear   on   a    C-123 
transport. 


U.  S.  Air  Force  Photo 


The  U.  S.  Navy  PBM-3  "Mariner"  flying  boat. 


U.  S.  Air  Force  Photo 


U.  S.  Air  Force  Photo 


of  McDonnell  Aircraft  Corporation 


% 


The  XF-85  "Goblin,"  shown  here  on  its  ground 
service  dolly,  has  stainless  steel  skids  for  landing 
This  parasite  aircraft  was  developed  to  be  carried 
in  the  bomb  bay  of  a  B-36  and  be  launched  and 
picked  up  in  flight. 


Aircraft  with  tricycle  landing  gear.  This  is  one  of 
the  Air  Force's  "Aero  Commander"  560's  assigned 
to  the  President  and  his  staff. 


U.  S.  Air  Force  Photo 
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CHAPTER      Q) 


Aerodynamics  and  Lift 

An  airplane  resting  on  the  ground  with  its  engine  shut  off  has 
±\.  many  forces  acting  upon  it.  All  these  forces  are  in  equilibrium. 
As  gravity  pulls  it  down,  an  equal  force  presses  upward  on  the  tires 
from  the  ground.  This  is  why  runways  and  parking  areas  are  paved. 
If  a  plane  is  parked  in  mud,  gravity  pulls  it  down  into  the  mud  until 
it  settles  upon  something  firm  enough  to  provide  an  upward  force 
equal  to  the  gravitational  pull. 

Another  force  acting  on  the  aircraft  is  atmospheric  pressure. 
Air  pressure  is,  of  course,  acting  on  everything  in  the  atmosphere. 
When  the  plane  is  at  rest,  atmospheric  pressure  acts  on  all  its  parts 
and  from  all  directions  simultaneously  and  therefore  cancels  itself 
out. 

The  forces  are  all  in  equilibrium,  and  the  plane  remains  at  rest. 

When  the  engine  is  started  and  the  propeller  begins  to  rotate,  a 
new  force  begins  to  act  on  the  plane,  tending  to  pull  it  forward. 
This  force  is  called  thrust.  When  the  thrust  force  is  great  enough, 
the  plane  begins  to  roll  forward  along  the  ground.  ( Pilots  say  it 
begins  to  "taxi.") 
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This  force  must  first  be  great  enough  to 
overcome  the  inertia  of  the  plane,  plus  the 
friction  of  the  wheels.  Once  the  plane  be- 
gins to  taxi  at  the  desired  speed,  the  thrust 
may  be  reduced.  Only  enough  force  is 
needed  then  to  overcome  the  friction.  If 
there  were  no  friction,  no  thrust  would  be 
needed,  for  the  plane's  momentum  alone 
would  keep  it  rolling. 

So,  as  it  taxis  along  at  constant  speed,  the 
forces  are  again  in  balance.  Gravity  is  op- 
posed by  an  equal  force  from  the  concrete 
surface,  and  friction  is  opposed  by  an  equal 
thrust  force. 

As  the  plane  starts  down  the  runway  to 
take  off,  the  pilot  applies  nearly  maximum 
power.  As  long  as  the  thrust  from  the  pro- 
pulsion system  is  greater  than  both  the  wheel 
friction  and  the  aerodynamic  drag,  the  plane 
will  accelerate  and  go  faster  and  faster.  The 
air  flowing  around  the  wing  produces  a  lift 
effect  which  becomes  greater  the  faster  the 
airplane  moves.  When  the  lift  force  be- 
comes greater  than  the  gravitational  pull  on 


the  plane,  the  plane  is  lifted  off  the  ground. 
At  this  point,  the  pilot  retracts  the  wheels 
(which  cause  tremendous  drag  in  the  wind) 
and  the  plane  shoots  ahead. 

Now  the  power  can  be  reduced.  It  will 
still  be  above  normal,  for  some  power  is  nec- 
essary to  keep  the  upward  forces  greater  than 
the  gravitational  force  so  the  plane  will 
climb. 

When  the  plane  reaches  and  maintains  the 
desired  altitude,  and  is  flying  straight  and 
level  at  a  constant  airspeed,  the  forces  are 
again  in  equilibrium.  The  lift  force  pushing 
up  on  the  plane  is  exactly  equal  to  the  force 
of  gravity  pulling  down  on  the  plane,  and 
the  thrust  is  equal  and  opposite  to  the  drag. 
If  the  thrust  is  increased  so  that  it  becomes 
greater  than  the  drag,  the  plane  will  accel- 
erate. If  the  lift  is  increased  and  made 
greater  than  the  pull  of  gravity,  the  plane 
will  tend  to  climb. 

As  we  shall  see,  the  way  these  forces  are 
related  to  each  other  is  not  at  all  simple. 
For  example,  if  the  pilot  maintains  constant 


DRAG 


ck  =  ANGLE  OF  ATTACK 


Forces  acting  on  an  aircraft. 
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UPPER   CURVATURE 


LOWER  CURVATURE 


altitude  but  throttles  back,  reducing  the 
thrust  to  a  value  less  than  the  drag,  the  plane 
will  slow  down  (decelerate).  However,  to 
maintain  constant  altitude  as  the  plane  slows 
down,  he  must  steadily  increase  the  angle  of 
attack  to  keep  the  lift  constant. 

THE   LIFT   FORCE 

An  early  theory  of  aerodynamic r  lift  is 
still  often  given  as  follows.  The  wing  as  it 
is  commonly  designed  has  a  curvature  on 
both  sides,  the  greater  curvature  being  on 
top. 

The  curvature  of  the  wing  is  such  that  the 
air  going  over  the  top  of  the  wing  must  go 
farther  and  therefore  faster  than  the  air 
passing  over  the  relatively  flat  bottom  side. 
The  increased  velocity  of  the  air  while  mov- 
ing along  the  curved  surface  of  the  wing 
makes  applicable  the  physical  law  discovered 
and  defined  by  Bernoulli.     Bernoulli's  law 


Venturi  tube  illustrating  Bernoulli's  Law. 


1  The  word  "aerodynamic"  comes  from  the 
Greek  aeros  for  "air"  and  dynamis  for  "power." 
Aerodynamics,  then,  is  the  study  of  the  behavior 
of  air  and  other  gases  when  forces  are  applied 
to  them. 


states  that  when  air  volocity  is  increased  this 
way,  it  exerts  less  pressure  against  the  surface 
over  which  it  is  passing.  There  is,  then,  a 
lowered  pressure  on  the  top  surface  of  the 
wing. 

The  normal  atmospheric  pressure  at  sea 
level  is  almost  15  pounds  per  square  inch. 
This  pressure  is  pressing  on  all  parts  of  the 
wing  when  the  wing  is  motionless  in  the  air. 
However,  when  the  wing  is  moving  through 
the  air  the  pressure  on  the  top  surface  is  less 
than  normal.  On  the  other  hand,  while  the 
pressure  on  the  bottom  surface  may  decrease, 
it  will  not  decrease  as  much.  The  result 
of  this  difference  of  air  pressures  is  that  the 
wing  is  pushed  up  from  below  into  the  low- 
pressure  area. 

The  pressure  difference  between  the  two 
surfaces  of  the  wing  is  not  very  great,  but 
with  the  normal  atmospheric  pressure  at 
about  2,000  pounds  per  square  foot,2  only  a 
small  percentage  of  pressure  difference  will 
result  in  a  considerable  total  force  being 
exerted  to  lift  the  wing.  For  example,  a 
mere  two  percent  difference  in  pressures 
would  result  in  an  upward  force  of  40  pounds 
per  square  foot.  A  rectangular  wing  30  feet 
long  and  5  feet  wide  would  then  produce 
6,000  pounds  of  lift  force. 

The  preceding  explanation  is  a  consider- 
able oversimplification  of  the  way  lift  forces 
are  produced  on  a  moving  airfoil.  The  re- 
sultant effect  is  accurate,  but  the  explanation 
is  incomplete  and  rather  misleading.  An 
explanation  based  solely  on  the  Bernoulli 
theorem  requires  an  almost  complete  re- 
vision of  our  thinking  when  we  come  to  con- 
sider the  process  in  greater  detail. 

The   Generation   of   Lift 

Unfortunately,  a  complete  and  fully  ac- 
curate explanation  of  aerodynamic  lift 
would  be  too  complex  for  a  brief  course 
such  as  this,  but  certain  aspects  of  current 


:  Actually,  about  14.7  pounds  per  square  inch  X 
144  square  inches=2,l  16.8  pounds  per  square 
foot. 
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theory  can  and  will  be  discussed  here.  The 
following  paragraphs  will  certainly  raise 
many  questions  which  simply  cannot  be  an- 
swered in  an  elementary  course.  It  is  hoped, 
however,  that  they  will  provide  some  insight 
into  the  highly  technical  science  of  aero- 
nautical engineering.  If  you  wish  to  delve 
deeper  into  the  subject,  your  instructor  can 
recommend  several  authoritative  and  easy- 
to-read  books. 


Imagine  for  a  moment  a  plane  weighing 
15,000  pounds  and  having  a  wing  that  looks 
something  like  this. 

We  shall  assume  for  the  moment  that  this 
wing  is  essentially  flat  on  the  bottom.  In 
flight,  this  wing  will  be  pushing  down  on  the 
air  below  it  with  a  force  of  15,000  pounds. 

If  this  air  were  contained  in  a  glass  box 
exactly  the  size  of  the  wing,  and  if  the  air 
were  incompressible,  the  wing  would  sit  on 
top  of  the  column  of  air  and  would  not  fall. 
The  air  column  would  provide  an  exactly 
equal  and  opposite  reactive  force  to  hold  the 
wing  in  position. 


But  there  is  no  such  box.  If  the  wing  is 
suddenly  pushed  down  against  the  air  with 
a  force  of  15,000  pounds,  the  air  will  react 
against  it,  but  not  with  a  15,000-pound  force. 
The  air  will  "give  way"  and  pressure  waves 
will  be  sent  down  through  it  at  the  speed  of 
sound.  The  air  will  be  pushed  out  of  the 
imaginary  box.  (Note  that  we  have  now 
switched  to  a  two-dimensional  diagram. 
The  process  is,  of  course,  three-di- 
mensional.) 


Atmospheric  pressure  is,  of  course,  also 
acting  on  the  top  of  the  wing,  and  when 
the  wing  is  pushed  downward,  the  air  above 
it  follows  it  down.  This  creates  a  lowered 
pressure  on  top  which  assists  the  "circula- 
tion" from  bottom  to  top. 


The  particles  of  air  do  not  flow  from  bot- 
tom to  top;  it  is  only  the  pressure  pulse  that 
moves.  We  can  see  the  beginnings  of  "whirl- 
pools" (or  vortices)  as  represented  by  the 
dotted  lines  in  the  preceding  diagram.     But 
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remember  that  it  is  actually  air  from  above 
which  comes  in  to  complete  each  vortex. 
The  air  below  does  not  actually  move  up  and 
around  to  the  top  surface. 

So  far,  we  have  considered  the  wing  stand- 
ing still.  Suppose  we  now  move  the  wing 
along  a  bit  and  prepare  to  give  it  another 
downward  push. 


This  second  downward  push  will  be  met 
not  only  by  the  natural  reaction  of  the  air 
below  the  wing  as  before,  but  also  by  upward 
forces  associated  with  the  first  push.  Notice 
point  A. 

Another  thing  to  notice  here  is  that  the 
little  vortex  that  started  to  form  at  the  lead- 
ing edge  of  the  wing  never  gets  a  chance 
to  form.  The  leading  edge  keeps  moving 
forward,  so  that  the  updraft  air  at  the  lead- 
ing edge  passes  back  over  the  top  of  the 
wing. 

Since  the  wing  has  now  moved,  the  pres- 
sure circulation  which  would  have  come 
down  on  top  of  the  trailing  edge  at  point  B 
does  not'  do  so,  so  the  simple  equalization 
of  pressure  that  we  might  have  expected 
here  does  not  occur.  Instead,  as  we  shall 
see  later,  a  whirlwind  or  vortex  is  started 
here. 

The  second  downward  push  tends  to  set 
up  a  system  of  pressure  circulation  just  like 
those  of  the  first  push.  But  a  second,  identi- 
cal, pattern  is  now  impossible,  because  there 
is  interference  with  what  remains  of  the 
pressure  system  caused  by  the  first  push. 

So  the  pressures  below  the  wing  now  move 
more  directly  downward  (more  like  the 
glass-box  situation)  and  more  nearly  for- 
ward at  the  leading  edge.     Notice,  too,  the 


reinforcement  of  the  trailing-edge  vortex  by 
the  situation  at  E.  The  air  which  was  de- 
scending to  follow  the  wing  down  actually 
becomes  part  of  the  downwash. 

If  we  translate  this  into  a  picture  at  some 
considerable  speed,  we  will  get  a  picture 
something  like  this. 


And  if  we  add  the  complication  of  the  air- 
foil moving  forward  through  the  air  mass 
at  say  200  mph,  the  picture  begins  to  look 
something  like  this. 


Now  it  is  a  law  of  physics  that  if  a  rotation 
is  created  in  any  body,  there  must  be  an 
equal  and  opposite  reaction  force  against 
the  body  which  causes  it. 
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Smoke  stream  photographs  showing  the  character  of  airflow  around  various  airfoils. 

U.  S.  Air  Force  Photo,  U.  S.  Air  Force  Photo 


Airflow  around  a  cylinder.  The  picture  shows  the 
formation  of  eddies  and  a  low-pressure  area  behind 
the  cylinder.  Note  how  the  air  curls  in  first  from 
one  side  and  then  the  other. 


U.  S.  Air  Force  Photo 


Airflow  around  an  airfoil  at  extreme  angle  of 
attack.  Like  the  preceding  photograph  this  one 
also  shows  the  presence  of  a  low  pressure  area 
and   eddy  currents   behind  the  obstruction. 

U.  S.  Air  Force  Photo 


Normal  airflow  around  an  airfoil.  Note  that  the 
air  both  above  and  below  rises  slightly  as  it  ap- 
proaches the  airfoil  and  is  deflected  downward  as 
it  leaves  it. 


Airflow  around  airfoil  at  high  angle  of  attack. 
Partial  separation  is  taking  place,  but  lift  is  de- 
creased only  slightly.  A  ruler  placed  across  the 
picture  will  show  that  even  the  air  above  the  wing 
leaves  the  picture  lower  than  it  comes  in. 

U.  S.  Air  Force  Photo 


Airflow  around  model  wing  viewed  from  above. 
Note  the  vortex  pattern  at  the  wing  tips  as  the  air 
curls  up  from  below  the  wing. 


U.  S.  Air  Force  Photo 


Airfoil  with  flap  in  stall  condition.  The  air  has 
completely  broken  away  from  the  upper  surface 
of  the  airfoil  resulting  in  complete  separation. 
Note  effect  of  flap. 
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U.  S.  Air  Force  Photo 


U.  S.  Air  Force  Photo 


Airflow  around  airfoils  with  flaps  at  high  angle  of  attack.  Note  the  smoother  flow  of  air  in  the 
photograph  to  the  right  in  which  the  slot  at  the  leading  edge  of  the  airfoil  is  extended. 


U.  S.  Air  Force  Photo 


The  smoke  pictures  reproduced  here  were  made  with  this  equipment  in  the  Aeronautical  Engineer- 
ing Department  of  the  Air  Force  Institute  of  Technology,  Wright-Patterson  Air  Force  Base,  Ohio. 
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We  see  this  principle  at  work  in  the  heli- 
copter. As  the  rotor  is  made  to  revolve,  the 
fuselage  has  a  strong  tendency  to  rotate  in 
the  opposite  direction.  This  tendency  is  so 
strong  that  a  small  propeller  must  be 
mounted  on  the  helicopter's  tail  to  counter- 
act it. 


STABILIZING  FORCE 


ACTION 


Similarly,  if  a  movement  of  the  air  behind 
the  weighted  wing  creates  a  trailing-edge 
vortex  (a  rotating  body  of  air),  then  an 
equal  and  opposite  rotational  force  is  ap- 
plied to  the  rest  of  the  air.  This  reaction 
force  is  what,  in  effect,  creates  the  circula- 
tion around  the  wing. 

At  the  wing's  leading  edge  there  is  an  up- 
wash  of  air  rising  to  pass  over  the  top  of  the 
wing.  If  this  upwash  were  equal  to  the 
downwash  behind  the  wing,  no  lift  force 
would  be  generated.  But  the  downwash 
behind  the  wing  is  much  greater  than  the 
upwash  in  front.  The  reason  for  this  lies 
in  the  effect  of  the  wingtip  vortex. 

Just  as  the  air  tended  to  curl  up  over  the 
leading  and  trailing  edges  when  the  wing 
was  given  its  first  downward  shove,  it  also 


tends  to  curl  up  over  the  tips.  But  the  wing 

is  moving  forward,  so  these  vortex  forces 

actually  form  a  sort  of  spiral.  Since  the  air 
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in  this  vortex  system  is  traveling  downward 
on  the  side  toward  the  wing,  it  contributes 
to  the  amount  and  the  velocity  of  the  down- 
wash  behind  the  wing.  The  diagram  of  the 
complete  vortex  system  shows  why. 


The  preceding  discussion  involved  a 
series  of  downward  pushes  on  the  wing. 
We  know  this  is  not  the  fact  in  flight,  for  the 
process  is  continuous,  and  also  there  is  no 
loss  of  altitude  as  implied  by  the  words 
"downward  push."  In  truth,  the  front  of 
the  wing  is  tilted  up  at  a  slight  angle  (the 
"angle  of  attack")  so  that  the  wing  "climbs' 
through  the  air.  The  air,  however,  is  de- 
scending at  the  same  rate.  It  is  as  though 
the  wing  "climbs"  a  descending  flow  of  air, 
thus  remaining  at  a  fixed  altitude,  like  a 


man  climbing  a  descending  escalator. 

To  "climb"  like  this  takes  work,  and  since 
the  only  source  of  energy  is  the  propulsion 
system,  the  continuous  force  necessary  for 
this  "climb"  is  drawn  from  the  thrust  force. 
It  therefore  appears  as  a  force  directly  oppo- 
site to  and  therefore  subtracting  from  the 
thrust  force  and  is  called  the  "induced 
drag."  A  portion  of  the  thrust  force  from 
the  propulsion  system — a  portion  exactly 
;qual  to  the  induced  drag — is  therefore  the 
ultimate  source  of  the  lift  force,  and  is  the 
price  we  pay  for  the  phenomenon  of  aero- 
lynamic  lift.  In  the  last  analysis,  it  is  the 
jropulsion  system  (which  is,  after  all,  the 
>nly  a;orft-producing  system  in  the  aircraft) 
hat  supplies  the  energy  necessary  to  keep 
n  aircraft  aloft. 

To  understand  this  better,  we  shall  need 
o  examine  it  from  a  slightly  different  point 
>f  view.  This,  in  turn,  requires  us  to  learn 
i  few  special  terms.  The  first  of  these  is 
elative  air,  which  is  the  velocity  of  the  air 
ushing  past  the  wing  or,  looked  at  another 
vay,  the  velocity  of  the  wing  through  the 
lir.  When  the  plane  is  flying  straight  and 
evel,  this  velocity  is  in  a  horizontal  direc- 
ion. 

As  we  have  seen,  the  moving  wing  creates 
i  vortex  system  which  shoves  air  downward. 
rhe  combination  of  the  relative  air's  origi- 
lal  horizontal  velocity  with  this  downward 
ihove  (the  "downwash")  is  the  resultant 
velocity. 


RESULTANT  FORCE 


RELATIVE  AIR 


The  actual  upward  force  generated  by 
the  aerodynamic  effect  of  a  wing  traveling 
through  the  atmosphere  is  called  the  re- 
sultant force.  The  resultant  force  is  always 
perpendicular  to  the  resultant  velocity,  and 
not  perpendicular  to  the  relative  air. 


RELATIVE  AIR 

Since  it  is  perpendicular  to  the  resultant 
velocity,  which  slants  downward,  the  result- 
ant force  slants  backward  somewhat  from  the 
vertical.  The  induced  drag  can  therefore 
be  represented  as  the  amount  that  the  re- 
sultant force  slants  back  and  holds  the  plane 
back. 


RESULTANT  FORCE 


RELATIVE  AIR 


The  term  lift  refers  to  the  upward  force 
perpendicular  to  the  relative  air.  Lift  is 
sometimes  defined  as  a  force  opposing  grav- 
ity, and  sometimes  in  other  ways,  but  aero- 


RELATIVE  AIR 

nautical  engineers  prefer  to  define  lift  as 
a  force  perpendicular  to  the  relative  air,  re- 
gardless of  the  plane's  attitude. 

It  can  be  proved  that  if  we  divide  the  lift 
by  the  amount  of  induced  drag,  we  will 
obtain  the  same  number  as  when  we  divide 
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the  relative  air  velocity  by  the  downwash 
velocity.3  From  this  equation,  we  can  see 
that  (other  things  being  equal)  the  lift 
created  by  a  wing  will  increase  directly  with 
the  plane's  velocity.  Or  if  the  lift  be  main- 
tained at  a  given  value,  and  if  the  velocity 
of  the  plane  is  increased,  the  induced  drag 
must  decrease.  And  this  is  actually  the 
case:  the  induced  drag  decreases  as  the 
speed  increases. 

Lift  _  Relative  Air  Velocity 

Induced  Drag     Downwash  Velocity 

The  wing  produces  lift  by  driving  air 
downward.  The  more  rapidly  and  effi- 
ciently it  does  this,  the  more  lift  it  will 
produce.  A  wing  is  therefore  the  same,  in 
this  respect  at  least,  as  a  helicopter  rotor,  a 
ducted  fan,  or  other  lift-creating  devices. 

But  it  is  not  the  air  that  ultimately  sup- 
ports the  airplane. 

Consider  a  tub  of  water  weighing  50 
pounds.  If  you  float  a  5-pound  toy  boat  in 
it,  the  combination  must  weigh  55  pounds. 
The  boat  does  not  cease  to  have  weight 
merely  because  it  is  floating;  its  weight,  too, 
must  be  supported  by  the  scale. 


Ultimately  it  is  the  earth  that  provides 
the  reaction  upward  against  the  air  directly 
beneath  the  aircraft.  The  air  merely  trans- 
mits the  weight  of  the  aircraft  down  to  the 
ground.  But  since  the  air  pressures  de- 
crease with  the  square  of  the  height  of  the 
aircraft,  they  are  extremely  small  by  the 
time  they  reach  any  particular  point  on  the 
ground  (unless  the  plane  is  only  a  few  feet 
up).  This  is  mainly  because  the  pressures 
spread  out  as  they  travel  and  are  therefore 


3  This  is  true  so  long  as  the  downwash  velocity 
is  less  than  10  percent  of  the  relative  air  velocity. 
In  certain  vertical  takeoff  aircraft,  this  may  not 
be  the  case. 


very  widely  distributed  on  the  surface. 
Nevertheless,  a  barometer  of  sufficient  sensi- 
tivity would  detect  a  slight  increase  in  pres- 
sure as  a  plane  approached  and  flew  over  it, 
just  as  it  would  detect  a  car  passing  on  a 
highway,  if  it  were  not  too  far  from  the 
edge  of  the  road. 

FORMS  OF   DRAG 

Drag  is  the  force  that  resists  the  forward 
motion  of  an  aircraft.  We  have  already 
examined  induced  drag,  which  is  one  form 
of  drag-due-to-lift.  The  kind  of  drag-due- 
to-lift  which  occurs  in  supersonic  flight  is 
rather  different  in  nature.  It  is  sometimes 
called  induced  drag,  but  that  is  incorrect. 
Induced  drag  is  a  subsonic  phenomenon. 
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The  amount  of  induced  drag  created  by 
a  wing  in  flight  is,  in  part,  a  matter  of  how 
the  wing  is  designed.  Since  every  pound 
of  drag  force  must  be  overcome  by  a  pound 
of  thrust  from  the  propulsion  system,  aero- 
nautical engineers  take  great  pains  to  design 
aircraft  for  minimum  drag. 

One  of  the  design  features  of  a  wing  is 
its  aspect  ratio.  In  a  rectangular  wing,  this 
is  the  ratio  between  the  wing-span  and  the 
wing  width.4  If  the  span  is  30  feet  and  the 
width  is  5  feet,  the  aspect  ratio  is  30/5  or  6.0. 

Other  factors  remaining  constant,  the 
higher  the  aspect  ratio,  the  lower  the  in- 
duced drag.  Thus,  for  the  same  amount  of 
lift  at  the  same  speed,  a  long  narrow  wing 
causes  less  induced  drag  than  a  short,  wide 
one. 

An  aircraft  designer  planning  a  cargo 
plane  gives  it  a  high  aspect  ratio  to  reduce 
the  induced  drag  and  therefore  the  power 
requirements.  High  aspect  ratio  tends  to 
keep  the  cruising  speed  low,  but  the  low 


EARLY  AIRFOIL 


LATER  AIRFOIL 


CLARK  "Y"  AIRFOIL 


SUB-SONIC  AIRFOIL 


SUPERSONIC     AIRFOIL 


4  Technically,  it  is  the  ratio  of  the  square  of 
the  span  to  the  area.  In  engineering  terms,  the 
aspect  ratio  is  the  span  squared,  divided  by  the 
span  times  the  "mean  aerodynamic  chord."  The 
"mean  aerodynamic  chord"  can  be  very  roughly 
defined  as  the  average  width  of  the  wing. 


SUPERSONIC      AIRFOIL 


F-102 


The  planform  or  outline  shape  of  the  wing  is  determined  by  several  factors  in  the  design 
specifications  of  the  airplane,  such  as  the  size  and  weight  of  the  airplane,  its  speed, 
its  range,  its  operational  altitude,  and  its  function. 
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drag  permits  long  range  with  practical  fuel 
loads. 

Very  fast  planes  such  as  fighters  are  usually 
designed  with  shorter  wings.  Long  wings 
slow  down  the  rate  at  which  an  aircraft  can 
roll,  and  quick  manuverability  is  a  necessity 
in  a  fighter.  Also,  shorter  wings  can  be  built 
stronger  and  stiffer  so  that  bending  and 
fluttering  are  reduced.  The  low  aspect  ratio 
may  result  in  shorter  range  at  subsonic 
speeds,  but  at  supersonic  speeds,  induced 
drag  is  relatively  low  and  low  aspect  ratios 
can  be  used  conveniently. 

All  kinds  of  drag  other  than  induced 
drag  are  classed  as  parasite  drag.  One  kind 
of  parasite  drag  results  from  low-pressure 
areas  associated  with  the  many  turbulent 
eddies  of  air  that  form  in  back  of  any  part  of 
the  plane  that  sticks  out  into  the  airstream. 
The  "pressure  drag"  caused  by  the  landing 
gear,  for  instance,  is  so  great  that  nearly  all 
fast  aircraft  have  a  means  of  retracting  the 
gear  up  into  the  wings,  fuselage,  or  engine 
nacelles.  Eddies  can  be  caused  by  anything 
that  sticks  out;  round  rivet  heads,  antenna 
masts,  pitot  tubes,  lights,  guns,  external 
rocket  launchers  or  bomb  racks,  dive  brakes, 
and  so  on.  Each  of  these  eddies  is  a  little 
whirlpool  or  vortex  of  air,  and  each  is  ac- 
companied by  a  low-pressure  area  behind 
the  protuberance  which  caused  it.  This 
form  of  drag  can  be  reduced  by  streamlining 
the  protuberance  so  as  to  reduce  the  wake  it 
causes,  or  by  retracting  it,  or  by  eliminat- 
ing it. 

The   Boundary  Layer  and 
Skin-Friction   Drag 

Another  form  of  parasite  drag  is  called 
skin  friction  drag.  As  an  aircraft  moves 
through  the  air,  the  air  that  is  actually  in 
contact  with  the  plane  tends  to  stick  to  its 
skin  and  move  along  with  it.  This  is  because 
of  molecular  attraction  (friction)  between 
the  air  and  the  skin.  The  layer  of  air  next 
to  the  skin  is  called  the  boundary  layer.  It 
tends  to  drag  the  air  near  it  along,  too,  but 
to  a  lesser  extent.  The  farther  away  from 
the  skin,  the  less  the  air  is  affected  by  the 


skin  friction.  There  is  no  simple  and  exact 
definition  of  how  thick  a  boundary  layer 
may  be,  but  we  can  think  of  it  as  a  thin  layer 
of  air,  right  next  to  the  skin,  which  is  most 
affected  by  friction  with  the  skin. 

The  particles  of  air  nearest  the  skin  tend 
to  be  dragged  along  at  the  same  speed  as 
the  aircraft.  These  particles  were  standing 
still  before  the  plane  got  to  them  and  the 
plane  "picks  them  up"  and  suddenly  gives 
them  a  velocity  equivalent  to  that  of  the 
plane.  Then,  immediately,  these  particles 
are  "knocked  off"  the  skin  by  impact  with 
the  next  particles  the  aircraft  runs  into. 
This  process  goes  on  continuously  and  ob- 
viously requires  an  expenditure  of  energy;  to 
accelerate  any  mass  from  zero  velocity  to 
say  400  mph,  takes  work.  This  work  is  of 
no  use  to  the  aircraft.  Accelerating  air  for- 
ward in  this  manner  does  nothing  at  all  to 
help  the  aircraft  fly.  So  this  is  wasted 
work — drag. 

Laminar  Flow 

Smooth,  even  flow  around  the  wing,  fuse- 
lage, or  tail  surfaces  is  called  laminar  flow. 
It  is  easiest  to  illustrate  under  a  wing. 
Imagine  a  deck  of  cards  on  a  table.  This 
represents  the  theoretical  layers  (lamina- 
tions) of  air.  Now  if  you  press  your  hand 
(representing  the  wing)  on  the  deck  and 
slide  it  forward,  the  top  card  will  stick  to 
your  skin  and  slide  with  it,  the  next  will 
slide  almost  as  much,  the  next  a  little  less, 
and  so  on. 

MAXIMUM  MOTION 


MINIMUM  MOTION 

Laminar  flow  is  maintained  as  long  as 
the  pressures  decrease  from  front  to  back 
along  the  surface  of  the  wing.  That  way, 
the  airstream  is  always  flowing  into  an  area 
of  lower  pressure,  which  is  a  natural  thing 
for   air  to  do.     Under  certain  conditions, 
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however,  areas  of  higher  pressure  will  de- 
velop behind  areas  of  lower  pressure.  When- 
ever this  happens,  the  air  in  the  boundary 
layer  may  become  turbulent,  and  the  lami- 
nar flow  is  destroyed.  The  skin-friction  drag 
of  turbulent  flow  is  much  greater  than  that 
of  laminar  flow. 


Boundary  layer  friction  can  never  be  elim- 
inated, but  it  can  be  reduced  by  very  careful 
shaping  of  the  wing,  by  making  the  skin 
very  smooth — even  polishing  it — or  by 
pumping  the  boundary-layer  air  away. 
This  is  done  by  making  special  holes  in  the 
surface  of  the  wings,  pumping  the  air  into 
the  plane,  and  expelling  it  behind.  This 
maintains  the  necessary  low  pressures  along 
the  wing.  At  high  speeds — even  below  the 
speed  of  sound — -nearly  all  the  drag  comes 
from  skin  friction.  It  may  be  so  great  that 
over  half  the  horsepower  of  the  plane  may 
be  spent  to  overcome  it.5 

THRUST   AND   DRAG 

As  previously  noted,  thrust  is  a  forward- 
acting  force  and  drag  is  a  backward-acting 
force.  During  periods  of  constant  speed, 
when  the  airplane  is  neither  accelerating  or 
decelerating,  these  two  forces  are  equal  in 
magnitude.  If  the  output  of  the  propulsion 
system  is  increased  so  that  the  thrust  ex- 
ceeds the  drag,  a  level-flying  airplane  will 
increase  in  airspeed.  However,  the  increase 
in  airspeed  will  also  cause  an  increase  in 
drag  and  at  some  new  and  higher  airspeed 
the  thrust  and  drag  forces  will  again  be  equal 


and  speed  will  again  become  constant. 

If  the  engine  output  is  gradually  increased, 
the  propulsion  system  will  eventually  reach 
its  maximum  thrust,  and  the  airspeed  and 
drag  will  continue  to  increase  until  the  drag 
force  again  equals  the  thrust  force.  A  con- 
stant airspeed  will  then  prevail.  This  will 
be  the  top  speed  for  the  airplane.  If  thrust 
becomes  less  than  drag,  the  airplane  will 
decelerate — will  go  slower  and  slower — until 
thrust  and  drag  become  equal  again.  With 
increase  of  airspeed,  parasite  drag  increases 
very  rapidly,  for  it  is  not  a  simple  one-to-one 
increase. 
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CHANGES   IN   LIFT 

If  we  increase  the  speed  of  an  aircraft, 
v\e  increase  the  velocity  of  the  air  flowing 
around  its  wing.  As  we  saw  a  few  pages 
back,  this  will  result  in  increased  lift.  This 
will  be  true  even  in  a  dive.  (Remember 
that  the  "lift"  always  works  at  right  angles 
to  the  relative  air.) 


'  Recall  that  the  induced  drag  decreases  as  the 
speed  is  increased. 


RELATIVE  AIR 
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High  angle  of  attack  may  be  used  to  com- 
pensate for  the  decrease  in  air  velocity  when 
flying  at  slow  speeds.  However,  as  the  angle 
of  attack  increases,  drag-due-to-lift  and 
pressure  drag  both  increase.  So  an  exces- 
sive angle  of  attack  can  easily  result  in  a 
"stall." 


The  density  of  the  air  also  has  an  effect 
on  lift.  At  high  altitudes,  where  the  air  is 
thin,  greater  speed  is  required  to  create  the 
lift  than  is  required  at  sea  level.  Thus,  an 
aircraft  taking  off  from  Denver,  the  "Mile- 
High  City,"  needs  a  longer  runway  to  get 
more  speed  before  it  begins  to  fly. 

Another  way  to  change  the  lift  of  a  wing 
is  to  give  it  more  or  less  camber.  A  plane 
designed  for  slow  flight  and  heavy  cargo  has 
a  thick  wing  with  a  large  curvature  on  top 
for  minimum  drag  and  greater  lift  at  a 
given  angle  of  attack.  Highspeed  planes 
require  thinner  wings  with  less  camber  to 
avoid  the  compressibility  effects  that  occur  at 
high  speeds. 

It  is  also  possible  to  design  a  wing  with 
adjustable  camber.  The  principal  method 
of  doing  this  is  to  use  a  wing  with  a  hinged 
trailing  edge.  Wings  have  also  been  de- 
signed with  hinged  leading  edges,  and  some 
with  both.  Such  devices  are  shown  in  the 
illustration. 

With  the  movement  of  hinged  trailing  or 
leading  edges  the  pilot  is  able  to  control, 
within  limits,  the  amount  of  lift  a  particular 
airfoil  may  produce.  This  principle  of 
changing  camber  is  the  basis  of  the  conven- 
tional control  surfaces  and  the  devices 
known  as  "flaps." 

Another  way  to  increase  the  lift  of  a  wing 
is  to  nose  the  plane  up.  This  increases  the 
angle  of  attack — the  angle  at  which  the  wing 
meets  the  particles  of  air  in  the  free  air- 
stream. 


Methods  of  changing  camber. 

THE   STALL 

As  the  angle  of  attack  is  increased  (keep- 
ing airspeed  constant),  the  wing  will  pro- 
duce more  and  more  lift,  but  only  up  to  a 
certain  point. 
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Relationship  between  angle  of  attack  and   lift  (for 
a  specific  wing). 

The  reason  is  that,  as  the  angle  of  attack 
is  increased,  the  boundary  layer  is  no  longer 
able  to  flow  smoothly  over  the  wing,  but 
begins  to  break  away  from  the  surface.  This 
results  in  turbulence  and  destruction  of  the 
laminar  flow.  The  drag  increases  marked- 
ly, the  air  speed  will  tend  to  decrease,  vibra- 
tions may  be  heard  or  even  felt  in  the 
aircraft,  and  part  of  the  lift  will  be  lost.  If 
the  angle  of  attack  is  increased  further, 
separation  of  the  airflow  from  the  wing  sur- 
face may  become  complete  and  the  plane 
will  "stall."  ,;  The  wing  in  the  adjacent  il- 
lustration is  approaching  the  stall  condition. 
Here  is  a  full  stall. 


*  Even  in  a  complete  stall,  all  the  lift  is  not  lost. 
If  it  were,  the  plane  would  drop  like  a  rock.  In 
fact,  only  about  10  percent  of  the  lift  is  destroyed 
in  a  full  stall.  The  plane  may  lose  altitude  very 
rapidly  but  it  does  not  exactly  "fall." 


One  often  hears  the  term  "normal  stalling 
speed,"  which  is  supposed  to  refer  to  the 
slowest  airspeed  at  which  certain  aircraft 
can  fly.  However,  stalling  speed  is  not  the 
same  under  all  conditions  even  for  the  same 
aircraft.  It  depends  upon  the  load,  the  dis- 
tribution of  the  load  within  the  plane,  the 
density  of  the  air  (which  depends  on  air 
temperature  and  barometric  pressure),  and 
many  other  factors.  A  pilot  must  learn  to 
recognize  changes  in  the  "feel"  of  the  con- 
trols and  to  hear  the  vibrations  (caused  by 
turbulence  in  the  boundary  layer  and  on  the 
tail  surfaces)  that  precede  a  stall. 

Correcting  a  stall  in  flight  is  a  simple  mat- 
ter of  pushing  the  nose  of  the  plane  down. 
This  will  decrease  the  angle  of  attack  and 
increase  the  airspeed  thereby  regaining  suf- 
ficient lift  force  to  keep  the  plane  flying. 

HIGH   SPEED   FLIGHT 

Many  years  before  aircraft  began  to  fly 
at  speeds  faster  than  sound,  designers  were 
faced  with  questions  of  supersonic  aerody- 
namics. As  early  as  1775,  experimenters 
were  studying  drag  on  high-speed  gunnery 
projectiles,  and  by  1900  engineers  were  al- 
ready discussing  problems  which  arose  when 
steam  turbines  turned  at  supersonic  speeds. 
By  1926,  designers  of  propellers  for  racing 
planes  had  already  become  increasingly  con- 
cerned with  the  effects  of  propeller-tips 
moving  faster  than  sound. 

As  an  airplane  approaches  the  speed  of 
sound,  the  air  flowing  around  the  wing  may 
actually  exceed  the  speed  of  sound.  At 
such  velocities,  the  behavior  of  the  air 
changes  radically.  Aircraft  which  fly  near 
or  above  the  speed  of  sound  therefore  re- 
quire quite  different  design  characteristics 
for  efficient  flight.  To  understand  what 
happens  at  such  speeds,  we  must  first  ex- 
amine what  is  meant  by  "the  speed  of 
sound." 

The   Mach   Number 

The  speed  of  sound  is  so  important  to 
the  designers  of  high-performance  aircraft 
that  airspeed  is  measured  relative  to  it.    The 
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Air  Force  Photc 


Photograph  of  shock  wave  pattern  around  a   1  0-degree  wedge.  The  velocity  of  the  airstream 
moving  through  the  test  section  and  around  the  wedge  is  Mach  5.0  or  nearly  4,000  mph. 


speed  of  sound  is  generally  said  to  be  760 
miles  per  hour.  An  aircraft  flying  760  mph 
at  sea  level  on  a  standard  day  is  flying  at 
Mach  1.0.  A  speed  of  Mach  2.0  would  be 
1.520  mph. 

But  the  speed  of  sound  varies  with  the 
temperature  of  the  air.  At  20.000  feet, 
where  the  air  is  much  colder  than  at  sea 
level,  the  speed  of  sound  (Mach  1.0)  is  about 
706  mph.  and  Mach  2.0  would  be  equal  to 
1.412  mph.  Mach  0.85  would  be  600  mph, 
and  Mach  0.71  would  be  500  mph. 

From  30,000  feet  to  100,000  feet,  the  air 
temperature  is  nearly  constant  and  Mach 
1.0  is  roughly  660  mph.  Above  100,000 
feet  the  temperature  begins  to  rise  and  the 
speed  of  sound  increases  with  altitude. 

The  temperature  of  the  air  may  vary  at 
different  points  around  an  aircraft  because 
of  differences  in  air  velocity  at  these  points. 
Thus  Mach  1.0  mav  have  one  value  at  a 


point  on  the  upper  surface  of  the  wing,  an- 
other value  at  the  side  of  fuselage  near  the 
tail,  and  yet  another  at  the  leading  edge  of 
the  fin.  This  results  in  different  behavior 
of  the  air  at  different  places. 

When  an  aircraft  is  flying  at  a  speed  such 
that  the  airflow  is  subsonic  in  some  places 
and  supersonic  in  others,  it  is  said  to  be  fly- 
ing in  the  transonic  range.  This  is  usually 
from  about  Mach  0.9  to  1.4. 

The   "Sound   Barrier" 

There  was  a  period  in  the  history  of  avia- 
tion during  which  the  fastest  planes  avail- 
able could  nearly  attain,  but  rarely  exceed 
Mach  1.0.  These  planes  had  considerable 
difficulty  "penetrating  the  sound  barrier." 
The  following  diagram  shows  the  drag  co- 
efficient of  a  bullet.  The  curve  is  not  drawn 
to  scale  and,  of  course,  applies  to  a  much 
simpler  situation  than  is  presented  by  an  air- 
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craft,  but  it  does  demonstrate  very  clearly 
the  relationship  between  drag  and  Mach 
number.7 


VELOCITY 


Notice  the  sudden  rise  of  the  drag  coeffi- 
cient at  velocities  just  below  Mach  1.0,  and 
the  gradual  decreases  above  Mach  1.0.  The 
actual  drag  is  proportional  to  the  drag  co- 
efficient multiplied  by  the  velocity  squared. 
The  actual  drag  continues  to  rise  above 
Mach  1.0,  but  not  nearly  so  fast. 

Another  disconcerting  characteristic  of 
transonic  flight  is  the  instability  of  the  shock 
waves.  In  the  transonic  range,  shocks  form 
on  the  upper  and  then  on  the  lower  surface 
of  the  wings,  but  their  positions  vary  un- 
predictably. They  come  and  go,  skittering 
rapidly  back  and  forth  across  the  wing. 
This  contributes  to  the  severe  problems  of 
stability  and  control  at  transonic  velocities. 
At  supersonic  speeds,  the  shock  waves  are 
stabilized  in  fixed  positions  and  can  be  al- 
lowed for  by  the  aircraft  designer. 

Modern  aircraft  are  now  designed  and 
built  to  go  through  the  transonic  region  rap- 
idly and  easily.  Supersonic  flight  has  be- 
come a  practical  reality,  for  many  of  the 
worst  problems  of  transonic  flight — tremen- 
dous drag,  buffeting,  uncertainty  of  control, 
and  so  on — disappear  or  are  sharply  reduced 
at  truly  supersonic  speeds. 


7  Adapted   from  ().  G.  Sutton,  The  Science  of 
Flight,  Penguin  Books,  Ltd.,   1955,  p.   160. 


Compression   Waves 

In  our  earlier  discussion  of  lift,  it  was 
shown  how  pressure  patterns  are  sent  out 
ahead  of  a  wing.  These  pressure  patterns 
result  in  air  movement  which  assists  in  main- 
taining the  "circulation"  around  the  wing. 
You  will  recall  that  the  pressure  pulses  which 
cause  this  air  movement  travel  through  the 
air  at  the  speed  of  sound. 

It  is  a  simple  matter  to  calculate  how 
fast  these  pressures  travel  relative  to  the 
plane.  All  we  need  do  is  subtract  the 
plane's  airspeed  from  the  local  speed  of 
sound.  Consider  a  plane  at  20,000  feet. 
We  may  suppose  the  local  Mach  1.0  to  be 
equal  to  700  mph.  If  our  plane  is  flying  500 
mph,  the  pressures  are  sent  out  ahead  at 
200  mph.  Now,  over  any  appreciable 
amount  of  time,  air  pressures  moving  at  200 
mph  can  go  a  considerable  distance,  and 
travel  quite  far  ahead  of  the  plane. 

But  what  happens  when  the  plane  is  trav- 
eling 800  mph?  Remember,  the  speed  of 
sound  is  determined  solely  by  the  charac- 
teristics of  the  air  it  is  traveling  in,  and  is 
not  affected  by  anything  the  source  may  be 
doing.  So  now,  when  the  wing  sends  out 
a  pressure  pulse,  the  plane  passes  it  up  at 
the  rate  of  100  mph.  The  air  in  front  of 
the  wing  has  received  no  "warning"  at  all, 
but  is  standing  quite  still — totally  unpre- 
pared for  the  arrival  of  the  wing.  When 
the  wing  hits  it,  this  air  tries  to  move  away 
and  flow  around  the  wing,  but  the  air  next 
to  it  can't  move  away  fast  enough  to  give  it 
space  to  move  into.  As  a  result,  the  air 
struck  by  the  wing  is  compressed  violently. 
The  result  is  a  "shock  wave,"  or  more  pre- 
cisely a  "compression  wave." 

This  compression  wave  is  a  kind  of  pres- 
sure pulse,  but  it  does  not  act  quite  as  sound 
does.  For  one  thing,  it  travels  faster  than 
sound — the  stronger  the  shock,  the  faster  it 
travels.  For  another,  a  shock  wave  can  re- 
sult in  tremendous  drag  on  the  aircraft. 

The  illustration  shows  the  kind  of  oblique 
shock  waves  formed  at  the  leading  edge  of  a 
wedge-shaped  wing  at  Mach   1.5.     Notice 
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MACH    1.5 


1 140   MPH 


that  the  air  is  compressed,  and  that  the  air 
velocity  decreases  behind  the  shock.  At  the 
same  time,  its  temperature  and  pressure  in- 
crease. Whenever  air  travelling  at  sonic 
speed  or  higher  must  enter  a  volume 
smaller  than  it  has  been  occupying,  a  com- 
pression wave  results. 


COMPRESSION   WAVE 


EXPANSION   WAVE 


A  diamond-shaped  wing  demonstrates 
very  well  some  further  effects  at  supersonic 
speeds.  After  the  air  passes  over  the  front 
half  of  the  wing,  it  encounters  a  corner  and 
is  suddenly  required  to  expand  into  a 
greater  volume.  Whenever  this  happens,  an 
expansion  wave  occurs.  Because  of  its 
shape    in    two-dimensional    pictures,    it    is 


sometimes  called  an  "expansion  fan."  When 
air  passes  through  this  fan,  its  velocity  in- 
creases and  its  temperature  and  pressure 
decrease. 

At  the  trailing  edge  of  the  wing,  the  air 
is  again  forced  to  compress  and  another 
compression  wave  occurs. 

Lift  at  Supersonic   Speeds 

If  the  wing  is  to  provide  lift,  there  must  be 
a  high-pressure  area  below  it.  The  illustra- 
tion below  shows  what  happens  when  the 
diamond-shaped  wing  is  given  an  angle  of 
attack. 
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The  diamond-shaped  airfoil  provides  a 
clear  example  of  how  a  high-pressure  area 
can  be  created  on  its  under  surface.  The 
plus  and  minus  marks  show  high  and  low 
pressure  areas.  In  this  case,  the  angle  of 
attack  is  so  great  that  an  expansion  wave 
occurs  at  the  top  of  the  leading  edge  and 
behind  the  trailing  edge.  This  is,  of  course, 
an  exaggerated  example.  In  the  next  dia- 
gram we  see  a  somewhat  more  realistic 
situation. 


There  is  higher  pressure  below  the  wing 
than  above  it.  Note  the  central  flow  lines, 
which  have  been  drawn  especially  heavy. 
Part  of  the  passing  air  has  been  displaced 
downward.  As  before,  it  is  reaction  to  the 
downward  velocity  imparted  to  the  air 
which  provides  the  lift  force.  Because  of 
the  tremendous  velocity  and  the  conse- 
quently great  amount  of  air  displaced  over 
a  period  of  time,  the  angle  of  attack  can  be 
very  small  indeed  at  supersonic  speeds.  This 
low  angle  of  attack  accounts  for  the  low 
value  of  the  drag-due-to-lift  at  supersonic 
velocities. 

Interference   of  Shock   Waves 

Compression  waves  and  expansion  waves 
are  exact  opposites  in  many  respects. 

When  they  meet,  they  tend  to  cancel  each 
other.  In  the  last  illustration,  the  waves 
have  been  extended  to  show  their  intersec- 
tion.   The  compression  wave  is  the  stronger 
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of  the  two,  but  it  is  weakened  and  curved 
back  by  the  effect  of  the  expansion  wave. 
Even  the  best  wing  design  does  not  elimi- 
nate shock  waves :  any  object  which  is  thrust 
through  the  air  at  Mach  1.0  or  faster  will 
produce  shocks.  This  is  true  of  the  wings, 
tail,  nose,  canopy,  or  anything  that  meets 
the  airstream.  Even  a  well-designed  air- 
craft flying  at  supersonic  speed  may  be  pro- 
ducing up  to  100  or  more  shock  waves  on 
its  various  parts.  Some  of  these  will  be 
quite  weak.  Others  will  be  very  strong. 
Many  will  be  interfering  with  each  other. 
By  proper  design,  adequate  control  and  sta- 
bility can  be  maintained  and  drag  can  be 
kept  to  a  minimum. 

The  Area   Progression   Rule 

One  of  the  most  widely  publicized  design 
features  of  modern  high-speed  aircraft  is 
the  slimming  of  the  fuselage  at  the  point 
of  greatest  wing  thickness.  This  feature  is 
an  application  of  the  "Area  Rule"  or  "Area 
Progression  Rule,"  and  is  a  feature  of  the 
design  of  the  F-100,  F-101,  F-102,  F-106, 
B-58,  and  other  planes.    Greatly  simplified, 


North  American  F-1  00 A  "Super  Sabre." 


U.  S.  Air  Fc 


Convair  B-58  "Hustler." 


the  area  rule  states  that  near  Mach  1.0  drag 
on  an  aircraft  is  least  when  its  cross-sectional 
area  is  least,  and  when  the  increases  or  de- 
creases in  cross-sectional  area  from  front  to 
back  are  smooth.  Consider  the  hypotheti- 
cal examples  here. 

The  area  rule,  once  considered  a  very 
significant  factor  in  reducing  the  problems 
and  hazards  of  high-speed  flight,  is  no  longer 
of  major  importance  in  designing  an  air- 
craft. At  best,  it  provides  only  a  partial 
solution  to  the  problems  it  is  meant  to  solve, 


and  is  successful  only  between  Mach  0.9  and 
1.4. 

In  recent  years,  tremendous  advances  in 
design  of  high-speed  aircraft  have  estab- 
lished their  reliability  and  safety.  Super- 
sonic aircraft  no  longer  require  superhuman 
pilots.  Careful  training  is  certainly  neces- 
sary. But  the  days  when  only  the  most  cou- 
rageous or  foolhardy  attempted  supersonic 
flight  are  gone  with  the  days  when  those 
adjectives  were  applied  with  equal  vigor  to 
the  leather-jacketed  biplane  pilots  of  yester- 
year. 


In  old  designs  (left)  the  cross-sectional  area  changes  irregularly  and  abruptly  from  nose  to  tail. 
The  area  rule  requires  smooth,  symmetrical  changes  in  cross-sectional  area  as  at  the  right. 
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The   "Coke-Bottle   Fuselage" 

Another  well-publicized  design  charac- 
teristic of  some  high-performance  aircraft  is 
the  so-called  "coke-bottle  fuselage"  or 
"wasp-waist."  This  is  a  pinching-in  of  the 
fuselage  near  the  trailing  edge  of  the  wing. 
It  has  the  effect  of  reducing  certain  problems 
that  occur  at  transonic  speeds  in  aircraft 
such  as  the  F-86-D.  The  basic  reason, 
which  is  related  to  the  way  air  flows  over  a 
swept-back  wing,  can  be  deduced  from  the 
greatly  simplified  and  exaggerated  diagram 
below. 


The   Sonic   Boom 

A  shock  wave,  like  a  sound  wave,  decreases 
in  strength  as  it  spreads  away  from  the 
plane.  As  its  strength  fades,  it  slows  down 
to  the  speed  of  sound  and  becomes  a  thun- 
derlike boom.  However,  if  the  plane  is  fly- 
ing low  enough,  the  shock  wave  itself  will  be 
heard  by  a  person  on  the  ground  as  the  edge 
of  the  cone  passes  him.  This  sharp  explo- 
sionlike sound  is  called  a  sonic  boom.  A 
sonic  boom  or  the  sound  waves  it  turns  into 
can  be  heard  5  or  10  miles  away.  Since 
high-speed  aircraft  typically  fly  at  altitudes 
4  or  more  miles  up,  the  booms  are  usually 
quite  weak  by  the  time  they  reach  the 
ground. 


A  high-speed  jet,  even  when  it  is  flying 
too  slowly  to  produce  shocks,  makes  a  tre- 
mendous amount  of  noise.  Frequently  this 
noise  is  first  heard  quite  suddenly  as  the  plane 
approaches  a  listener  on  the  ground,  and  it 
may  seem  almost  like  an  explosion.  Its  ap- 
parently sudden  start  sometimes  makes 
people  think  they  have  heard  a  sonic  boom. 
This  noise,  however,  fades  slowly  as  the  plane 
disappears,  and  is  usually  nothing  more  than 
the  normal  roar  of  the  aircraft.  Another 
sound  that  is  sometimes  mistaken  for  a  sonic 
boom  is  the  explosive  roar  that  results  when 
a  jet  pilot  starts  the  afterburner. 

"The  Thermal  Thicket" 

The  so-called  "sound  barrier"  that  once 
puzzled  aircraft  designers  is  no  longer  a  bar- 
rier at  all.  Now  the  engineers  and  scientists 
are  turning  their  attention  to  a  new  problem 
which  must  be  solved  as  aircraft  are  designed 
for  even  greater  speeds.  The  problem, 
popularly  called  "the  thermal  thicket,"  con- 
cerns the  searing  temperatures  created  by  an 
object  flying  through  the  air  at  extremely 
high  speed.  This  heat  results  from  ram 
compression  of  the  air  by  the  fast-moving 
aircraft,  and  is  similar  to  the  heat  created  by 
compression  of  the  air  in  an  ordinary  tire 
pump. 

You  will  recall  that  there  is  a  very  thin 
layer  of  air  which  tends  to  stick  with  the 
skin  of  the  aircraft  and  travel  along  with  it. 
Considered  from  the  aircraft,  this  layer,  the 
boundary  layer,  has  almost  no  velocity  at  all. 
It  has  been  brought  to  a  nearly  complete 
halt  from  its  original,  tremendous  velocity. 
Its  energy  has  been  converted  from  velocity 
to  heat. 

About  a  third  of  all  the  heat  generated  is 
carried  away  by  the  rushing  air  just  outside 
the  boundary  layer,  and  more  is  radiated 
away.  But  the  rest  goes  into  the  skin  of  the 
aircraft,  causing  a  considerable  rise  in  the 
temperature  of  the  metal. 

The  amount  of  heat  generated  at  ex- 
tremely   high    speeds    can    be   seen    in    the 
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example  of  a  plane  flying  at  28,000  feet 
where  the  temperature  of  the  air  is  —40°  F. 
Mach  1.0  here  is  684  mph.  At  Mach  2.0 
(1,370  mph),  the  boundary  layer  tempera- 
ture may  rise  above  250°  F.,  and  at  Mach 
3.0  ( 2,050  mph)  it  is  well  above  600°  F.  If 
the  skin  itself  were  ever  to  reach  this  tem- 
perature, it  would  cause  prodigious  prob- 
lems. Almost  all  the  materials  which  are 
practical  for  use  in  building  aircraft  show 
great  losses  in  their  structural  strength  at 
such  high  temperatures.  Only  such  mate- 
rials as  toughened  glass,  titanium  alloys,  and 
stainless  steel  meet  the  strength  require- 
ments for  an  aircraft  skin  which  must  endure 
this  tremendous  heat  for  any  length  of  time, 
and  their  use  in  aircraft  manufacture  raises 
engineering  problems  of  great  complexity. 


Constructed    largely    of    titanium    to    resist  ft 
heating,   the   Douglass   X-3    was   designed  ^_ 
for  sustained   flight  at   Mach    3.0  to  study 
problems   of  the   heat   barrier. 


The  problem  is  certainly  not  insoluble. 
Even  with  present  materials,  very  brief 
flights  are  possible  at  extremely  high  Mach 
numbers,  particularly  if  they  occur  at  ex- 
tremely high  altitudes.  The  heat  collected 
in  a  short  period  of  time  can  be  absorbed 
by  heavy  machinery  in  the  craft  (or  even 
by  the  fuel  supply),  and  some  can  be  radi- 
ated away.  It  is  therefore  comparatively 
easy  to  design  missiles  for  speeds  many  times 
that  of  sound. 

Extremely  high  speeds  can  be  reached 
and  maintained  if  we  go  high  enough  where 
the  air  temperature  and  density  are  very 
low.  Someday,  using  extensive  refrigeration 
and  new  heat-resisting  materials,  long-range 
aircraft  will  almost  certainly  fly  at  speeds  as 
high  as  Mach  18  or  20. 

U    S.  Air  Force  Photo 
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Courtesy  of  Convair 
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Compare  the  low  aspect  ratio 
and  the  wing-span  of  the 
F-104A  "Starfighter"  with 
those    of    the    B-52    above. 
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PART 


CHAPTER 


Stability,  Control, 
Navigation  and  Guidance 


A  stable  aircraft  is  one  which  tends  to  maintain  straight  and 
level  flight  without  undue  attention  from  the  pilot.  It  is 
designed  in  such  a  way  that  it  "wants"  to  stay  level  and  on  course 
and  will  make  its  own  minor  corrections  when  temporary  disturb- 
ances such  as  gusts  of  wind  tend  to  make  it  pitch,  roll,  or  turn. 

If  the  disturbances  which  work  upon  the  plane  are  too  great  to 
be  corrected  by  the  plane's  natural  stability,  and  the  pilot  must 
force  the  plane  to  return  to  the  straight  and  level,  that  is  control. 
Or  if  the  pilot  wishes  the  plane  to  deviate  from  straight  and  level 
flight  and  makes  it  turn,  climb,  roll,  dive,  accelerate,  or  decelerate, 
that  is  also  control. 

When  the  pilot  sets  and  maintains  the  plane's  direction  in  a  way 
that  will  take  him  from  one  airfield  to  another,  corrects  his  heading  so 
that  the  winds  will  not  take  him  elsewhere,  and  generally  controls  the 
plane  so  that  it  arrives  where  and  when  he  desires,  that  is  navigation. 
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VERTICAL  AXIS 


LONGITUDINAL  AXIS 


LATERAL  AXIS 


Axes  of  rotation  of  an  aircraft. 


And  when  devices  are  provided  which  will 
do  some  or  all  of  the  navigation  work,  plus 
some  or  all  of  the  control  work,  that  is 
guidance. 

STABILITY 

When  climbing,  a  plane  is  said  to  be  in  a 
"nose-up  attitude;"  when  banking,  it  is  in 
a  "wing-low  attitude,*'  and  so  on.  The  word 
attitude  refers  to  the  kind  of  "posture"  or 
"stance"  a  plane  assumes  relative  to  the 
ground. 

All  the  possible  changes  of  attitude  of  an 
aircraft  can  be  analyzed  into  rotations 
around  its  three  axes.  The  three  axes  of 
rotation  are  shown  in  the  illustration.  They 
normally  cross  at  the  balance  point  or  center 
of  gravity  of  the  plane.  Rotation  around 
the  lateral  axis  (an  imaginary  line  which 
runs  from  wingtip  to  wingtip)  is  called 
pitch.  Rotation  around  the  longitudinal 
axis  (which  runs  from  the  nose  to  the  tail) 
is  called  roll.  And  rotation  around  the  ver- 
tical axis  (which  runs  up  and  down  through 
the  plane's  center  of  gravity)  is  called  yaw. 

All  modern  aircraft  are  designed  with  cer- 
tain characteristics  which  provide  built-in 
stability  of  attitude. 


Stability   in   an  Arrow 

There  are  two  important  reasons  why  an 
arrow  flies  straight.  The  first  is  that  its 
metal  tip  places  the  arrow's  center  of  gravity 
fairly  well  forward  with  most  of  the  shaft 
trailing  behind.  The  second  reason  is  the 
position  of  the  feathers  at  the  end.  In  effect, 
the  feathers  are  at  the  end  of  a  long  lever, 
and  their  weather-vane  action  keeps  the 
arrow  pointed  straight  into  the  wind. 

The  stabilizer  surfaces  of  an  airplane  are 
similarly  placed  at  the  end  of  a  long  lever, 
the  fuselage.  And  the  center  of  gravity  of 
the  aircraft  is  located  well  in  front.  In  a 
conventional  light  plane,  the  engine  is  lo- 
cated in  the  nose  with  the  passengers  di- 
rectly behind.  Such  a  plane  achieves  its 
stability  of  direction  relative  to  the  wind  just 
as  an  arrow  does. 

The  early  Wright  planes  had  the  elevators 
in  front.  This  created  a  very  unstable 
machine.  If  the  plane  were  to  pitch  down 
slightly,  the  effect  was  to  make  the  plane 
pitch  down  still  more. 

But  when  the  elevators  were  put  at  the 
back,  a  slight  pitching  down  caused  the  wind 
itself  to  force  the  plane  back  into  straight 
flight. 
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itability  in  Pitch  and  Airspeed 

A  stable  aircraft  will  seek  a  definite  air- 
peed  and  pitch  depending  on  its  trim  and 
hrottle  setting.  Suppose,  for  example,  that 
t  sudden  gust  results  in  a  nose-down  atti- 
ude.  The  plane  will  dive  slightly,  gaining 
peed.  As  its  speed  increases,  the  lift  cre- 
ited  by  the  wing  increases  and  tends  to 
>ring  the  nose  back  up.  Bringing  the  nose 
lp  decreases  the  airspeed  and  the  plane 
issumes  its  former  airspeed  and  pitch. 

liability  Against  Sideslip 

A  common  feature  of  aircraft  is  a  slight 
ip-slant  of  the  wings  called  dihedral.    If  we 


exaggerate  this  angle,  we  can  see  how  it 
Drovides  stability  against  sideslip.  If  the 
)lane  begins  to  move  sideways  to  the  right, 
he  angle  of  attack  on  the  right  wing  is  in- 
leased.  This  increases  the  lift  on  that  wing 
ind  it  rises,  rolling  the  plane  to  the  left  and 
topping  the  sideslip- 


Both  planes  (below  left)  are  flying  di- 
rectly toward  you.  The  lower  aircraft  is 
sideslipping  toward  you.  You  can  see  that 
the  angle  of  attack  is  appreciably  increased 
on  its  right  wing.  The  result  is  that  the 
plane  rolls  to  stop  the  slip. 

But  in  a  bank,  the  plane  will  tend  to  lose 
altitude  because  its  lift  force  is  no  longer 
opposing  gravity  directly.  It  slips  down  a 
bit  to  its  left,  the  dihedral  effect  operates 
again,  and  the  plane  rolls  back  to  a  level 
attitude. 

CONTROL 

The  controls  of  an  aircraft  were  listed  and 
described  in  an  earlier  chapter.  There  are 
four :  rudder,  elevator,  ailerons,  and  the  pro- 
pulsion system.  All  four  may  be  seen  at 
work  in  a  simple  turn. 

A  boat  is  turned  simply  by  use  of  a  rudder. 
But  in  an  airplane  rudder  action  alone  will 
merely  cause  the  plane  to  yaw  and  sideslip, 
the  nose  may  drop  from  loss  of  lift  as  the 
dihedral  causes  a  roll,  and  the  plane  may  go 
into  a  spiral  dive.  To  the  novice,  it  seems 
that  the  pilot  need  only  correct  this  tendency 
•by  banking  further  into  the  turn,  but  in  fact, 
the  process  is  far  more  complex  aerodynami- 
cally.  An  airplane  turns  by  coordinated  use 
of  all  four  controls. 

The  four  operations  involved  in  turning 
are  all  performed  simultaneously  but  in  vary- 
ing amounts  during  the  maneuver.  For 
simplicity,  we  shall  analyze  them  as  though 
they  they  were  performed  separately.  The 
example  is  a  right  turn. 

The  pilot  presses  the  stick  to  the  right. 
This  causes  the  right  aileron  to  rise,  reducing 
the  lift  on  the  right  wing. 
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At  the  same  time  the  left  aileron  hinges 
downward,  giving  increased  lift  to  the  left 
wing.  The  plane  therefore  begins  to  roll 
(or  "bank")  to  the  right,  and  will  continue 
to  roll  until  the  stick  is  returned  to  neutral 
and  the  ailerons  are  thereby  returned  to  their 
normal  positions.  The  steeper  the  bank,  the 
tighter  a  properly  coordinated  turn  will  be. 
As  the  desired  degree  of  bank  is  approached, 
the  pilot  eases  the  ailerons  back  to  normal. 
The  plane  will  then  stay  in  that  degree  of 
bank  until  rolled  back  to  the  left. 

As  the  roll  begins,  the  wings  assume  an 


angle  to  the  force  of  gravity.  Part  of  their 
lift  force  then  begins  to  pull  in  the  direction 
of  the  turn,  and  there  is  a  decrease  in  the 
amount  of  upward  lift.  This  decrease 
tends  to  let  the  plane  lose  altitude  during 
the  turn,  so  that  a  spiral  dive  might  result. 
An  increase  in  the  lift  force  is  therefore  nec- 
essary to  hold  constant  altitude.  This  can 
be  achieved  by  increasing  the  angle  of  at- 
tack. So  the  pilot  presses  back  on  the  stick. 
This  raises  the  elevators  and  forces  the  nose 
up  and  to  the  right  increasing  the  angle  of 
attack  to  the  point  where  the  upward  com- 
ponent of  the  lift  is  sufficient  to  maintain 


altitude.  Of  course,  the  turning  component 
of  the  lift  force  is  also  increased  by  this  ac- 
tion, so  that  the  plane  turns  to  the  right. 
From  this  it  can  be  seen  that  the  principal 
force  causing  the  plane  to  turn  is  the  lift 


force,  and  that  the  lift  force  is  increased  by 
elevator  action. 

But  nature  never  gives  something  for 
nothing.  If  the  lift  force  is  increased,  the 
amount  of  the  increase  must  come  from 
somewhere.  It  comes  from  the  plane's  mo- 
mentum, and  the  airspeed  drops.  This  can 
be  compensated  by  advancing  the  throttle 
slightly  during  the  turn.  In  a  really  steep 
turn,  this  may  be  absolutely  necessary,  for 
as  the  lift  increases,  so  does  the  drag,  and 
the  powerplant  is  the  only  source  of  addi- 
tional thrust  to  balance  the  increased  drag. 

Work  must  be  done  just  to  change  the 
direction  of  the  plane.  A  plane  in  a  turn 
is  like  any  other  mass  on  the  rim  of  a  wheel. 
The  natural  tendency,  because  of  the  cen- 
trifugal force,  is  to  fly  off  the  wheel  at  a 
tangent.  The  turning  component  of  the  lift 
force  is  called  upon  to  overcome  this  and 
keep  the  plane  turning. 

While  the  plane  is  rolling  into  its  bank, 
the  right  wing  is  descending  in  the  airstream. 
In  effect,  therefore,  the  angle  of  attack  is 
increased.  As  viewed  from  the  wing,  the 
air  seems  to  be  arriving  from  a  direction  in 
front  and  below.  The  descending  wing 
meets  the  air  this  way. 
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Since  the  lift  force  is  alway  perpendicu- 
lar to  the  relative  airstream,  it  is  now  pull- 
ing the  wing  forward  as  well  as  up.  This 
is  not  happening  to  the  left  wing.  Indeed, 
the  reverse  is  happening.  So  theTorward 
component  of  the  lift  force  on  the  right 
wing  tends  to  pull  the  nose  of  the  plane 
around  to  the  left  and  make  the  plane  yaw 
out  of  the  turn.  The  pilot  corrects  this 
tendency  by  pressing  the  right  rudder  pedal, 
swinging  the  rudder  to  the  right.  The  air- 
stream  works  upon  the  rudder,  moving  the 
tail  of  the  plane  to  the  left,  and  forcing  the 
nose  around  into  the  direction  of  the  turn.1 


LIFT 


THRUST 


Once  the  plane  is  turning  properly,  the 
ailerons  and  the  rudder  must  be  returned  to 
neutral  (or  near  neutral)  and  a  steady  turn 
is  maintained  by  use  of  the  elevators  alone 
(back  pressure  on  the  stick).  Rolling  out 
of  the  turn  is  accomplished  by  coordinated 
and  simultaneous  use  of  all  three  controls 
again,  but  this  time  in  the  opposite  direc- 
tion. 

The  coordination  of  aileron,  elevator, 
rudder  and  throttle  to  achieve  a  smooth 
turn  without  skidding,  slipping,  or  losing 
altitude  is  one  of  the  first  things  a  pilot 
learns. 
Climbing   and   Descending 

Climbing  is  not  a  simple  matter  of  point- 
ing the  nose  up.  In  fact,  merely  pointing 
the  nose  up  is  ordinarily  a  very  inefficient 
way  of  gaining  altitude.     It  is  true,  of  course, 


1  In  most  planes  of  modern  design,  improved 
design  has  eliminated  much  or  all  of  this  yaw  ef- 
fect. Turns  may,  therefore,  be  made  with  very 
little  rudder  action  or  none  at  all. 


WEIGHT 


DRAG 


that  lift  is  increased  by  an  increase  in  the 
angle  of  attack,  and  that  the  nose  must  be 
raised  to  increase  the  angle  of  attack.  But 
lifting  something  always  requires  an  ex- 
penditure of  energy,  and  the  only  sources 
of  the  required  energy  are  the  engine  and 
the  momentum  of  the  plane.  If  the  nose  is 
pulled  up  without  the  addition  of  power 
from  the  engine,  momentum  will  raise  the 
plane  a  little.  But  drawing  energy  out  of 
the  plane's  momentum  necessarily  results  in 
a  reduction  of  airspeed.  Thus,  while  slight 
changes  in  altitude  can  usually  be  made 
safely  with  the  elevators  alone,  it  is  danger- 
ous to  consider  them  as  the  altitude  control. 

Generally  speaking,  it  is  far  wiser  to  think 
of  the  throttle  as  the  principal  altitude  con- 
trol, rather  than  the  elevators.  This  is 
particularly  true  at  critical  times  such  as 
landing  or  taking  off.  The  natural  impulse 
of  the  beginner  who  finds  that  he  is  going  to 
land  short  of  the  field  is  to  pull  back  on  the 
stick.  But  at  the  slow  airspeed  used  in  land- 
ing, borrowing  energy  out  of  the  plane's 
momentum  to  use  for  climbing  may  reduce 
the  airspeed  so  much  as  to  cause  a  stall — and 
a  stall  at  low  altitude  can  easily  lead  to  a 
crash.  The  wise  pilot  therefore  considers 
the  throttle  as  the  altitude  control  and  draws 
the  additional  energy  needed  for  climb  pur- 
poses from  the  engine. 

The  elevators,  then,  become  airspeed  con- 
trols. The  truth  of  this  can  be  seen  when 
we  again  consider  the  stall.  The  only  way 
to  prevent  a  stall  is  to  increase  airspeed. 
The  simplest  and  surest  way  to  do  this  is  to 
lower  the  nose.     This  will  always  increase 
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Instrument  panel  in  the  front  cockpit  of  an  Air  Force  T-33  jet  trainer.  A  similar 
panel  is  located  in  the  rear  cockpit. 


Air  Force  p 


airspeed.  The  throttle  can  often  be  used  to 
increase  airspeed,  but  not  when  the  engine  is 
already  putting  out  its  maximum  power. 
Furthermore,  an  increase  in  thrust  usually 
causes  the  nose  to  rise  somewhat,  and  this 
may  actually  contribute  to  the  stall. 

AIRCRAFT  INSTRUMENTS 

The  complex  array  of  instruments  in  a 
modern  aircraft  appears  bewildering  to  the 
uninitiated.  But  when  it  is  realized  that  the 
pilot  need  not  watch  all  the  instruments  at 
once,  and  that  they  are  grouped  according  to 
their  various  functions,  the  instrument  panel 
seems  much  simpler  and  not  at  all  confusing. 

Engine   Instruments 

Several  of  the  instruments  on  the  panel 
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indicate  various  aspects  of  engine  operation. 
Equipment  Indicators 

Also  on  the  control  panel  are  indicators 
which  tell  the  pilot  whether  the  landing 
gear  is  up  or  down,  whether  or  not  the 
flaps  are  down  and  how  far,  if  the  engine 
cowlings  are  open,  and  so  on. 

Flight  and   Navigation   Instruments 

The  basic  flight  instruments  are  the  al- 
timeter, airspeed  meter,  compass,  and  atti- 
tude indicator.  The  altimeter  not  only  tells 
the  pilot  approximately  how  high  he  is  above 
sea  level,  but  whether  he  is  climbing  or  de- 
scending. The  airspeed  meter  tells  the  pilot 
approximately  how  fast  he  is  going  (and, 
indirectly,  how  much  lift  he  has  available). 


Based  on  TO  IT-33A-1 


INSTRUMENT  PANEL, 

FRONT  COCKPIT 

1. 

Student  lockout  button 

12. 

Accelerometer 

2. 

Speed  broke  telltale  indicator  light 

13. 

Gyro  instrument  warning  light 

3. 

Landing  gear  unsafe  warning 

light 

14. 

Fuselage  tank  low  level  indicator 

4. 

Altimeter 

15. 

Fuel  de-ice  warning  light 

5. 

Marker  beacon  indicator 

16. 

Engine  oil  pressure  gage 

6. 

Airspeed  indicator 

17. 

Generator  load  meter 

7. 

Directional  indicator 

18. 

Clock 

8. 

Turn  and  slip  indicator 

19. 

Wing  flap  position  indicator 

9. 

Engine  fuel  pressure  gage 

20. 

Radio  magnetic  indicator 

10. 

Engine  techometer 

21. 

Cabin  pressure  altitude  indicator 

11. 

Fuel  quantity  counter 

22. 

Oxygen  pressure  gage 

It  also  indirectly  indicates  pitch,  for  if  the 
plane's  nose  is  inadvertently  pulled  up,  the 
airspeed  will  tend  to  decrease,  and  if  it  is 
nosed  down,  airspeed  will  tend  to  increase. 


The  compass  tells  the  pilot  the  direction 
of  the  plane's  heading  and  also  whether  the 
plane  is  turning.  Because  rate  of  turn  de- 
pends upon  rate  of  bank,  it  also  indirectly 
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indicates  bank.  Nearly  all  planes  are 
equipped  with  ordinary  magnetic  com- 
passes, but  the  reaction  of  this  instrument 
during  a  turn  is  quite  slow.  Modern  air- 
craft therefore  usually  have  an  additional 
instrument  called  a  "heading  indicator" 
which  is  stabilized  by  a  gyroscope.  Such  an 
instrument  reacts  instantly  to  any  change  of 
heading.  However,  gyroscopes  have  a 
tendency  to  precess  (drift),  and  the  heading 
indicator  (or  "directional  gyro")  must 
therefore  be  reset  to  correspond  to  the  mag- 
netic compass  about  every  15  minutes. 

The  attitude  of  the  plane  is  shown  by 
another  gyro-stabilized  instrument — the  at- 
titude indicator.  It  shows  both  pitch  and 
roll. 

If  we  add  a  clock  and  a  free  air  tempera- 
ture gauge  to  these  four  instruments,  we 
have  the  basic  instruments  necessary  for 
flight  and  navigation.  The  clock  is  used  to 
measure  the  elapse  of  time  (between  check 
points  for  example)  and  therefore  to  com- 
pute such  things  as  ground  speed,  time  of 
arrival,  and  fuel  consumption.  The  tem- 
perature gauge  reading  is  necessary  to  cor- 
rect for  errors  in  the  other  instruments,  and 
to  detemine  the  best  engine  settings. 

NAVIGATION  SYSTEMS 

The  atmosphere  through  which  an  air- 
craft flies  is  hardly  ever  completely  still. 
The  air  mass  is  usually  moving  relative  to 
the  earth  and  the  plane  is  flying  in  the  air 
mass.     Thus,  like  a  boat  headed  across  a 


river,  it  drifts  with  the  stream.  This  situa- 
tion presents  the  basic  problem  of  air  navi- 
gation whether  the  aircraft  is  manned  or 
unmanned.  Because  of  wind,  an  aircraft 
seldom  goes  exactly  where  it  is  headed 
or  at  a  ground  speed  exactly  equal  to  its 
airspeed. 

An  aircraft  headed  due  north  at  100  mph 
against  a  north  wind  of  10  mph  will  travel 
only  90  mph  over  the  ground.  If  the  10- 
mph  wind  is  from  the  south,  the  plane  will 
travel  110  mph  over  the  ground.  And  if 
the  wind  is  from  the  northwest,  the  plane's 
path  over  the  ground  (usually  called  the 
plane's  track  3)  will  be  slower  than  its  air- 
speed and,  in  addition,  will  be  blown  east 
of  its  north  heading. 

Exactly  how  such  problems  are  solved  is 
the  topic  of  the  AFROTC  course  in  Air 
Navigation.  There  it  will  be  seen  that  the 
solution  to  nearly  all  navigation  problems 
lies  in  a  computational  technique  known  as 
"dead  reckoning"  or  DR  (sometimes  written 
D/R) .  All  the  instruments  and  devices  con- 
cerned with  navigation  are  designed  either 
to  assist  the  pilot  or  navigator  in  making 
his  DR  calculations,  or  to  do  some  or  all  of 
them  for  him. 

At  the  high  speeds  of  some  aircraft  even 
as  early  as  World  War  II,  the  time  required 
merely  for  the  arithmetic  of  navigation  be- 
came an  embarrassment.  By  the  time  a 
navigator  or  pilot  had  figured  out  where  he 
was,  he  was  far  away  from  there.  The  first 
developments  to  alleviate  this  situation  were 
mechanical  computers  similar  to  sliderules. 
With  these,  computational  time  was  effec- 
tively reduced. 

But  as  speeds  increased  with  advent  of 
jets,  even  the  manipulation  of  such  old  and 
faithful  aids  as  the  E6B  consumed  too  much 
time.  Military  aircraft  began  to  carry  me- 
chanical and  electronic  computers  of  various 
kinds. 


3  And  sometimes  called  its  course.     The  word 
course,  however,  has  other  meanings  as  well. 
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Gyro  stabilized  remote  indicating  "Gyro  Flux  Gate" 
compass. 


"Magnesyn"  remote 
indicating  compass 
components  and  in- 
stallation. 


RECEIVER  AND  INDICATOR 


MAGNETIC   COMPASS 
AND  TRANSMITTER 


In  fact,  even  before  World  War  II,  com- 
puters were  installed  in  bombers  for  auto- 
matic solution  of  the  complex  and  dynamic 
problems  of  pinpoint  navigation  required  for 
precision  bombing.  The  Norden  and  the 
Sperry  bombsights  were  nothing  more  nor 
less  than  mechanical  computers  which, 
when  properly  manipulated  by  the  bom- 
bardier, guided  the  aircraft  to  an  exactly 
computed  point  in  the  sky  and  then  released 
the  bombs  automatically.  This  was  accom- 
plished by  direct  electrical  connection  from 
the  bombsight  to  the  plane's  autopilot,  and 
to  the  bomb-release  mechanism.  These 
computers  were  quite  accurate  and  fairly 
well  suited  to  the  needs  of  the  World  War 
II  bombers.  But  they  were  useful  only 
when  the  bombardier  could  see  his  target. 
Though  both  could  be  used  to  help  the  nav- 
igator compute  wind  conditions  at  any 
point  during  a  flight  (as  long  as  he  could 
see  the  ground )  they  were  designed  only  for 
precision  navigation  within  sight  of  the  des- 
tination— the  exact  place  where  a  general- 
purpose  navigation  device  is  least  needed. 

The  most  recent  developments  in  airborne 
computers  make  use  of  the  advances  in  elec- 
tronics. The  navigator's  arithmetic  and 
trigonometric  problems  can  be  solved  by 
various  kinds  of  electromechanical  analog 
computers  or  perhaps  by  transistor  circuits 
in  small  digital  computers  designed  along  the 


Aircraft  clock.  Even  older  than  the  magnetic  com- 
pass, the  usually  unheralded  clock  is  one  of  the  most 
important  flight  and  navigation  instruments  in  an 
aircraft.  Only  high  precision  vibration-free  clocks 
are  satisfactory  for  aviation  use. 


From  AFM  51-38 


AFROTC  Photo 
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same  principles  as  UNIVAC  and  other 
electronic  computers.  Several  such  Com- 
puters are  now  in  use  and  under  develop- 
ment, including  the  Air  Data  System, 
VORTAC  Course  Line  Computer,  VOR- 
TAC  Pictorial  Display,  Aircraft  Detection 
and  Collision  Avoidance,  and  others. 

A  computer,  it  must  be  remembered,  is 
like  an  adding  machine:  the  answers  it 
grinds  out  are  only  as  good  as  the  basic  data 
fed  into  it.  This  is  the  principal  problem 
of  the  self-contained  navigational  computer. 
It  must  be  told,  for  example,  what  the  drift 
is  and  the  accurate  true  groundspeed,  and 
this  information  is  sometimes  difficult  to  ob- 
tain. Flying  over  clouds,  at  night,  or  in  fog 
or  haze,  when  the  ground  cannot  be  seen,  the 
navigator  must  estimate  or  rely  on  radio 
fixes  or  other  reference  to  known  ground 
positions. 

Airborne  Navigational   Systems 

The  ideal  of  a  completely  airborne,  all- 
weather  navigation  device  which  will  dis- 
play a  map  with  the  precise  location  and 
heading  of  the  aircraft  indicated  on  it  is  no 
longer  merely  a  dream.  Even  the  task  of 
feeding  the  basic  information  into  the  de- 
vice has  been  lessened.  The  new  "Doppler" 
equipment  determines  drift  and  ground- 
speed  by  radar.  And  automatic  star- 
sighting  is  now  a  feature  of  some  navigation 
computers.  Some  instruments,  such  as  the 
so-called  "inertial  systems,"  actually  deter- 
mine the  basic  information  for  their  com- 
putations automatically  by  reference  to  gyros 
and  other  devices  of  incredible  stability  and 
precision.  These  have  the  advantages  that 
they  send  out  no  radio  or  radar  signals  which 
could  be  received  by  the  enemy. 

Ground-Based   Navigational   Systems 

Very  early  in  the  history  of  flight,  aids 
were  installed  on  the  ground  to  assist  in  air 
navigation.  The  first  such  aids  were  merely 
light  beacons  and  town  names  painted  on 
barn  roofs. 

Later,  the  radio  homing  receiver  was  in- 

252 


P 


AFROTC    Photo 

Slide-rule  face  of  an  AN-5834-1  dead  reckoning 
computer,  a  later  version  of  the  E6B. 

vented — the  first  radio  aid  to  navigation. 
This  was  based  on  the  fact  that  a  loop  an- 
tenna receives  radio  signals  with  minimum 
intensity  when  its  axis  is  pointed  directly  at 
the  radio  station  to  which  it  is  turned.  With 
a  loop  antenna  fixed  to  the  aircraft  the  pilot 
could  tune  in  any  station  of  known  position, 
point  the  plane  at  it,  and  receive  a  very  weak 
signal  (or  none  at  all)  in  his  headphones. 
If  his  heading  shifted  so  the  plane  no  longer 
pointed  directly  at  the  station,  the  signal 
grew  louder  and  the  pilot  knew  he  was 
getting  off  course.  It  was  a  fairly  crude 
system,  but  it  worked  (and  still  works)  quite 
well. 

The  fixed-loop  "homer"  or  "radio  com- 
pass" was  eventually  superseded  by  the  radio 
direction  finder,  fondly  called  the  "bird 
dog."  The  radio  direction  finder  has  a  loop 
antenna  which  is  rotated  by  a  motor.  When 
the  set  is  turned  on,  the  loop  automatically 
rotates  so  as  to  point  toward  the  radio  station 
to  which  it  is  tuned.  The  direction  in  which 
the  loop  is  pointing  is  indicated  by  a  com- 


pass-like  instrument  on  the  instrument  panel. 
The  radio  direction-finder,  though  it  is  sub- 
ject to  interference  by  static  and  other 
phenomena,  is  still  a  valuable  and  widely 
used  device. 

Another  radio  system  which  came  into  be- 
ing fairly  early  in  aviation  history  was  the 
radio  range  or  "beam." 

The  direction  of  transmission  of  radio 
waves  can  be  controlled  by  the  use  of  a  loop 
transmitting  antenna.  Strong  signals  will 
be  thrown  out  from  the  long  sides  of  such 


an  antenna  and  almost  no  signal  will  be 
broadcast  at  right  angles  to  them.  So,  if  two 
loops  are  set  at  right  angles  to  each  other, 
the  pattern  of  broadcasting  will  look  like 
this.  One  loop  broadcasts  a  Morse-code  N 
—  — )    in  one  pair  of  opposite  directions, 

and  the  other  loop  broadcast  A  ( )   at 

right  angles  to  it.  The  broadcasts  are  spaced 
so  that  where  the  signals  overlap,  a  continu- 
ous "'hum"  is  heard  by  the  pilot. 

The  pilot  can  fly  this  "hum"  or  "beam" 
directly  to  the  radio  range  station.     If  he 


Low  frequency  radio  range  signal  pattern. 
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gets  off  the  beam,  he  will  hear  either  A  or 
N,  and  by  identifying  which  part  of  the  circle 
he  is  in,  can  determine  which  way  to  turn 
to  get  back  on  the  course. 

Since  the  beam  sounds  the  same  whether 
one  is  flying  toward  or  from  the  station,  the 
pilot  must  be  sure  to  check  carefully  to  be 
sure  he  is  flying  in  the  right  direction. 

A  complete  system  of  aerial  routes  defined 
by  beams  criss-crosses  the  entire  North  Amer- 
ican Continent  and  most  other  areas  of  the 
world.  Beam  navigation  requires  the  sim- 
plest receiving  equipment — an  ordinary 
radio — and  is  therefore  extensively  used  by 
light-plane  pilots. 

Recently,  a  new  kind  of  radio  range  in- 
stallation has  appeared  on  the  American 
countryside.  The  very  high  frequency 
omnirange  (or  VOR)  is  the  radio  equiva- 
lent of  the  light  beacon,  with  improvements. 
VOR  stations  on  the  ground  transmit  sig- 
nals which  are  received  by  a  special  radio 
device  in  the  plane.  This  receiver  displays 
the  direction  of  the  station  in  much  the  same 
way  as  on  the  radio  compass.  But  VOR  sig- 
nals are  not  subject  to  the  same  distortions 
that  plague  the  radio  compass.  It  is  rela- 
tively immune  to  static  and  is  far  more 
precise. 

The  "homer,"  the  radio  compass,  the 
beam,  and  VOR  are  all  devices  for  estab- 
lishing direction  alone.  They  do  not  tell  the 
pilot  how  far  he  is  from  anywhere.  He 
must  still  compute  that. 

During  World  War  II,  several  ground- 
based  radio  systems  were  invented  which 
provide  the  navigator  with  information 
about  his  position.  The  best  known  of  these 
is  Loran  (LOng  RAnge  Navigation) .  More 
recent  developments  are  Consol  and  Na- 
varho,  and  there  are  several  others. 
THE  AUTOMATIC  PILOT 

The  automatic  pilot  consists  of  a  sensing 
device  and  a  reacting  system.  By  sensing 
the  plane's  deviations  from  straight  and  level 
direction  and  attitude  and  by  applying  prop- 
erly coordinated  control  pressures,  the  auto- 
pilot actually  flies  the  airplane.    Under  cer- 
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tain  conditions,  it  can  do  this  better  than  a 
human  pilot. 

The  basis  of  the  sensing  system  of  an 
autopilot  is  a  pair  of  gyroscopes.  A  gyro- 
scope in  its  simplest  form  is  merely  a  wheel 
on  a  shaft.  Its  mounting  is  free  to  rotate 
in  any  direction.  When  the  gyro  is  made 
to  spin  very  fast  (for  example,  by  a  blast 
of  air  directed  at  slots  or  vanes  on  the  wheel) 
it  tends  to  maintain  a  fixed  attitude  regard- 
less of  how  its  mounting  may  be  moved. 
The  attitude  of  a  gyro,  therefore,  can  be 
used  as  a  reference  against  which  the  atti- 
tude of  the  airplane  can  be  compared. 


In  an  autopilot,  one  gyro  is  designed  to 
maintain  a  vertical  axis.  No  matter  how 
the  plane  may  pitch  or  roll,  the  gyro  re- 
mains vertical.  The  "sensory"  system  of 
the  autopilot  is  designed  to  detect  any  dif- 
ference between  the  gyro's  attitude  and  the 
plane's  attitude.  If  a  difference  is  detected, 
this  information  is  sent  to  electric  motors  (or 
hydraulic  activators)  which  work  the  proper 
control  surfaces  to  return  the  plane  to 
straight  and  level  flight. 

A  second  gyro  establishes  a  directional 
reference.  The  autopilot  refers  to  this  gyro 
to  detect  yaw  and  turn. 


In  addition,  most  autopilots  are  equipped 
with  a  turn  control.  This  is  merely  a  knob 
which,  when  turned,  causes  the  autopilot 
to  fly  the  plane  in  a  coordinated  turn. 

Autopilots  have  been  designed  which  can 
be  linked  to  various  navigational  devices 
carried  in  the  plane,  or  to  other  devices 
which  receive  their  "instructions"  by  radio 
from  the  ground. 

From  these  relatively  simple  principles, 
scientists  have  evolved  the  fabulously  pre- 
cise combination  of  navigation  instruments, 
autopilots,  and  "instruction"-receiving  radio 
and  radar  equipment  which  are  usually  re- 
ferred to  as  "guidance  systems." 


Collins  autopilot. 


A^ROTC  Photo  of  Collins'  Autopilo  1 
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GUIDANCE  SYSTEMS 

A  properly  functioning  autopilot  can  be 
made  to  control  the  flight  of  an  aircraft 
on  a  constant  heading,  at  a  constant  alti- 
tude, at  a  constant  airspeed.  But  it  does 
this  whether  or  not  the  aircraft  is  going 
where  it  ought  to  go. 

A  navigation  system  can  be  made  to  de- 
termine the  true  course,  true  heading,  true 
airspeed  and  groundspeed,  and  the  loca- 
tion of  an  aircraft  at  any  moment.  It  can 
also  be  made  to  supply  the  heading  that 
should  be  flown,  and  the  airspeed  required, 
to  arrive  at  a  given  location  at  a  given 
time. 

Both  these  operations  can  be  either  com- 
pletely automatic,  or  subject  to  control  by 
a  human  being  in  the  plane  or  on  the 
ground. 

When  the  control  function  and  the 
navigation  function  are  combined  into  a 
single  mechanism,  they  constitute  a  guidance 
system.  Guidance  systems  may  be  installed 
in  manned  aircraft  to  handle  certain  flight 
problems  too  complex  or  tiring  for  the  hu- 
man mind  and  physique.  Or  they  can  be 
used  as  a  combination  pilot  and  navigator 
for  unmanned  aircraft  or  missiles. 

Command   Guidance   Systems 

A  command  guidance  system  is  one  in 
which  the  flight  path  of  the  missile  is  con- 
trolled by  some  system  on  the  ground. 
There  are  six  basic  operations  performed 
by  a  command  guidance  system. 

( 1 )  There  must  be  an  autopilot  capable 
of  maintaining  straight  and  level  flight  and 
maneuvering  the  missile  in  turns,  climbs, 
and  dives. 

(2)  There  is  often  a  computer  or  cen- 
tral control  system  which  feeds  instructions 
to  the  autopilot. 

(3)  There  must  be  a  receiver  in  the  mis- 
sile which  can  receive  information  from  the 
ground  and  give  it  to  the  computer. 

(4)  There  must  be  a  transmitter, 
usually  on  the  ground,  to  send  the  informa- 
tion. 


The  Army's  "Redstone"  surface- 
to-surface  missile  carries  a  self- 
contained  9uidance  system. 
Once  the  missile  is  fired,  its 
pre-set  instruments  control  direc- 
tion, altitude,  and  length  of  I 
flight. 

U.  S.  Army  Photo 
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(5)  There  must  be  a  man  or  a  computer 
to  decide  what  instructions  to  send  to  the 
missile. 

(6)  There  must  be  some  way  of  determin- 
ing where  the  missile  is  and  where  it  is  head- 
ing so  the  man  (or  computer)  on  the  ground 
can  decide  what  instructions  to  send.  In 
some  cases,  the  ground  operator  may  be  able 
to  see  the  missile  at  all  times.  (This  may 
more  often  be  true  when  the  controller  is  not 
on  the  ground,  but  is  riding  in  a  manned 


Frequently,  the  command  guidance  sys- 
tem is  used  to  maneuver  a  missile  from  its 
launcher  to  a  position  for  some  other  type 
of  guidance  to  take  over.  For  example,  the 
missile  may  be  guided  by  command  to  a 
previously  calculated  position  and  altitude. 
After  the  missile  reaches  this  point,  a  self- 
contained  guidance  system  which  navigates 
by  the  stars  can  take  over.  Finally,  a 
"target  seeking"  system  may  be  used  to  guide 
the  final  dive  onto  the  target. 


TARGET  DRONE 


RADIO 
TRANSMITTER 


Diagram  illustrating  the  principle  of  the  command  guidance  system. 


aircraft.)  But  usually,  some  other  method 
must  be  used.  This  could  be  radar.  Or  a 
small  transmitter  in  the  missile  can  be 
tracked  by  an  automatic  receiver  on  the 
ground. 

The  range  of  operation  of  such  a  system 
is  limited  by  so  many  factors  that  many  mis- 
siles with  command  guidance  systems  also 
carry  some  form  of  self-contained  guidance 
system. 


A  distinct  disadvantage  of  command  guid- 
ance is  that  the  radio  signals  between  the 
missile  and  the  controller  on  the  ground 
can  be  "jammed"  by  the  enemy.  If  the 
enemy  knows  the  frequency  of  these  broad- 
casts, he  can  broadcast  static  or  false  in- 
structions which  confuse  the  missile's  com- 
puter and  flight  system.  If  the  enemy  could 
learn  enough,  he  might  even  be  able  to  take 
over  control  of  the  missile. 
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Command  television  guidance  system.  This  system 
consists  of  a  television  transmitter  and  radio  receiver 
located  in  the  missile,  and  a  television  receiver  and 
radio  transmitter  located  in  the  mother  aircraft.  The 
television  pictures  of  the  target  area  provides  the 
controller  in  the  mother  aircraft  information  for  issuing 
radio  commands  to  the  missile  for  closing  in  on 
target. 


One-radar  beam-rider  guidance  syster 


Homing   Guidance   Systems 

A  homing  system  is  a  device,  built  into  the 
missile  itself,  which  detects  some  distinguish- 
ing characteristic  of  the  target  and  heads 
the  missile  toward  it.  The  identifying  char- 
acteristic may  be  sound,  heat,  or  metal  struc- 
ture (reflected  by  radar  waves  sent  out  from 
the  missile).  Or  it  could  be  light,  or  elec- 
trical or  radio  waves  emitted  by  the  target. 
The  characteristic  chosen  for  a  particular 
missile  to  "home  in"  on  will  depend  on  the 
target  for  which  the  missile  is  designed: 
factory,  city,  aircraft,  ship,  submarine,  or 
perhaps  another  missile. 

Homing  systems  are  of  three  kinds: 
Passive,  semiactive,  or  active.  A  passive 
homing  system  is  one  which  is  designed  to 
select  and  identify  the  target  by  means  of 
natural  emanations  or  radiations  from  the 
target  itself.  Such  radiations  as  heat  waves, 
light  waves,  and  sound  waves  have  been  used 
in  passive  homing  systems. 

A  semiactive  homing  system  is  one  which 
selects  a  target  by  means  of  reflected  energy 
from  an  external  source,  such  as  a  tracking 
radar,    reflecting    from    the    target.     This 


radar  may  be  ground-based  or  carried  in 
the  launching  aircraft.  Equipment  used 
in  semiactive  homing  systems  is  more  com- 
plex and  bulky  than  that  used  in  passive 
systems.  It  provides  homing  guidance 
over  much  greater  ranges  and  with  fewer 
external  limitations  in  its  application. 

An  active  homing  system  is  one  in  which 
the  missile  carries  its  own  source  of  energy 
with  which  to  "illuminate"  the  target. 
This  could  be  sound;  light,  or  (usually) 
radar  waves.  The  missile  homes  on  reflec- 
tions or  echoes  of  this  energy  from  the  tar- 
get. This  system  is  more  complex  than 
either  the  passive  or  semiactive  types. 
However,  it  is  well  adapted  for  use  in  long- 
range  missiles,  as  it  is  entirely  independent 
of  external  sources  of  target  illumination. 
Power  supply  requirements  are  the  prin- 
cipal limiting  factors  in  the  use  of  active 
homing  systems.  At  present  this  restricts 
their  application  to  the  larger,  long-range 
missiles.  As  miniaturization  of  electronic 
parts  is  further  developed,  active  homing 
systems  will  probably  become  more  gen- 
erally used. 
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In  all  electronic  fonns  of  guidance,  ac- 
curacy decreases  as  the  missile  moves  away 
from  the  source  of  the  controlling  informa- 
tion. In  fact,  highest  accuracy  it  obtained 
when  the  target  itself  supplies  the  control- 
ling information. 

Systems  using  reflected  radar  waves  or 
infrared  heat  waves  emanating  from  a  tar- 
get have  proven  quite  satisfactory.  At 
present  these  systems  are  quite  accurate 
within  their  ranges  of  operation.  How- 
ever, the  range  of  homing  systems  using  in- 
frared, light,  or  sound  from  the  target  is 
very  short,  as  compared  to  radar  homing 
systems,  which  may  be  employed  over  con- 
siderable distances. 

A  combination  of  two  or  more  guidance 
systems  can  be  more  effective  than  any 
single  system,  even  though  a  combination 
of  two  or  more  systems  may  be  more  com- 
plicated and  expensive.  In  many  instances 
the   greater   accuracy   obtained   from   com- 


bined systems  more  than  justifies  their  use. 
The  advantages  are  obvious,  for  example, 
of  a  missile  which  is  guided  to  the  vicinity 
of  its  target  by  celestial  navigation  and 
then  guided  to  a  direct  hit  by  homing  on 
the  heat  from  a  factory. 

Applications   of   Homing   Systems 

The  infrared  (radiant  heat1  homing  de- 
vices are  suitable  for  use  against  such  targets 
as  mills,  factories,  bridges,  railroad  yards, 
troop  concentrations,  ships,  or  any  targets 
which  present  large  temperature  differ- 
entials with  their  surroundings.  The  degree 
of  temperature  of  the  target  is  not  important, 
but  the  difference  in  temperature  between 
the  target  and  its  surroundings  is  the  factor 
which  enables  the  heat  seeker  to  identify 
the  target. 

The  same  principle  is  employed  in  light 
seekers,  which  are  used  in  missiles  designed 
for  use  against  targets  which  present  a  con- 
trast   in    illumination    against    their    back- 


Radar  command  guidance  system  uses  two  radar  trackers.  A  computer  controls  the  radar  pulses 
transmitted  to  the  missile  for  guidance  to  target. 
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Two-radar  beam-rider  guidance  system. 
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ground  light.  Again  it  is  the  contrast  of  the 
light  with  its  background  and  not  its  in- 
tensity alone  which  enables  the  light  seeker 
to  home  on  its  target. 

Sound  seekers  are  suitable  for  use  against 
such  targets  as  ships.  Such  a  sound  tracker 
usually  homes  on  the  sound  of  the  propellers. 
Sound  seeking  is  commonly  used  in  tor- 
pedoes. 

All  homing  systems  are  subject  to  limita- 
tions in  use.  For  example,  the  heat  seeker 
requires  a  clear,  moisture-free  atmosphere 
and  could  be  led  astray  by  countermeasures 
such  as  fires  purposely  set  to  guide  it  away 
from  its  target.  The  light  seeker  may  be 
decoyed  away  from  its  objective  by  bright 
flares.  Also,  light-seeking  systems  require  an 
unobstructed  view  of  the  target  for  accurate 
homing.  Sound  seekers,  likewise,  are  subject 
to  diversion  unless  they  are  designed  to  home 
on  sound  of  a  specific  frequency,  such  as  that 
produced  by  a  ship's  propellers  turning  at  a 

constant  rate.5 

In  the  past,  vertical  bombing  of  specific 
targets  with  heat-sensitive  or  light-sensitive 
homing  systems  has  proved  effective  when 
employed  under  suitable  conditions. 

Because  accurate  homing  procedure  is 
most  necessary-durine!  the  last  part  of  a  mis- 
sile's flight  to  its  target,  much  work  has  been 
concentrated  on  this  phase,  and  several  meth- 
ods have  been  tried.  Two  methods  which 
have  proved  satisfactory  so  far  are  pursuit 
homing  and  lead  homing.  Either  may  use 
infrared,  light  or  radar  homing  systems. 

Pursuit   Homing 

Pursuit  homing  is  that  type  of  guidance 
which  requires  that  a  missile  travel  directly 
toward  the  target  at  all  times.  A  funda- 
mental requirement  of  any  homing  system 
is  that  the  sensing  scanner  be  accurately 
alined  with  the  longitudinal  axis  of  the  mis- 
sile   in    which    it    is    installed.     Thus,    the 


5  Fish  of  certain  kinds  make  a  considerable 
amount  of  noise  which  might  distract  a  sound- 
seeking  topedo.  This  may  explain  why  the  Navy 
has  sponsored  so  much  research  on  porpoise  noises 
and  similar  projects. 
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controls  are  actuated  so  that  its  longitudinal 
axis  is  always  in  line  with  the  target.  If  the 
lateral  or  sideways  accelerations  required  on 
such  a  course  are  computed,  they  are  found 
to  become  larger  on  the  last  part  of  the 
flight  path.  It  is  this  portion  of  the  flight 
path  which  is  most  critical  in  obtaining  a 
hit.  Since  the  antiaircraft  application  is 
one  of  the  most  important  of  the  fire  control 
problems,  the  use  of  pursuit  homing  against 
fast-moving  targets  presents  certain  difficul- 
ties. Pursuit  homing  at  the  present  time 
appears  limited  in  application. 


ENEMY  AIRCRAFT 


Lead   Homing 

A  lead-homing  missile  does  not  head 
straight  toward  its  target.  The  homing  sys- 
tem or  scanner  is  able  to  determine  the 
angular  rate  of  change  of  its  course  direc- 
tion as  the  missile  pursues  the  target.  Of 
course,  this  must  be  in  addition  to  determin- 
ing the  direction  of  the  target.  If  we  can 
set  our  missile  on  a  course  which  keeps  its 
angular  rate  of  change  at  zero,  we  have 
established  the  condition  under  which  the 
missile  travels  directly  toward  a  collision 
point. 

Look  at  the  illustration.  Notice  that  the 
missile  completes  the  final  and  critical  por- 
tion of  its  trajectory  in  a  straight  line.  Both 
vertical  and  lateral  accelerations  are  small 
and  the  most  efficient  flight  path  is  attained. 
The  problem  is  roughly  the  same  as  shoot- 
ing a  flying  duck. 


Beam    Rider  Guidance   Systems 

Automatic  tracking  radar  for  gun  aiming 
was  developed  to  a  high  level  during  World 
War  II  and  has  proven  effective  as  an  anti- 
aircraft weapon  against  conventional  air- 
craft. However,  such  a  system  is  limited  by 
the  range  of  the  antiaircraft  artillery  and 
would  not  provide  sufficient  accuracy  or 
flexibility  for  effective  use  against  high-speed 
aircraft  or  missiles. 

An  interceptor  missile  launched  on  a  fixed 
trajectory  might  miss  the  target  as  a  result 
of  evasive  action  by  the  target  or  pointing 
errors  at  launching,  even  though  the  track- 
ing radar  maintained  its  "lock"  upon  the 
target.  If  the  missile  could  be  made  to  fol- 
low or  "ride"  a  radar  beam,  the  possibility 
of  a  hit  would  be  greatly  increased. 

The  theory  of  operation  of  beam-rider 
guidance  is  based  mainly  upon  the  prin- 
ciples of  the  automatic  tracking  radar  sys- 
tems used  for  directing  antiaircraft  artillery. 
First,  consider  a  missile  designed  to  be 
guided  and  controlled  by  a  pulse-modulated 
radar  system.  Detection  of  the  target  in 
such  a  system  is  accomplished  by  sweeping 
a  thin  beam  of  pulsed  high  frequency  radio 
energy  in  a  predetermined  pattern  through 
the  space  to  be  searched.  When  the  radar 
beam  strikes  an  object,  energy  is  reflected 
back  to  the  transmitter.     A  small  portion 


of  this  reflected  energy  is  detected  by  a  re- 
ceiver which  is  a  part  of  the  radar  system. 
Since  the  transmitting  antenna  is  so  de- 
signed that  the  beam  it  sends  out  is  very 
narrow,  when  reflections  (echoes)  are  re- 
ceived back  the  direction  of  the  target  can 
be  determined.  The  sweeping  motion  is 
then  stopped  and  the  antenna  is  moved 
until  the  echoes  are  of  maximum  strength. 
The  target  will  then  be  found  upon  the 
axis  of  the  antenna,  or  in  other  words,  on 
the  center  of  the  beam.  Since  the  beam  is 
pulsed,  the  elapsed  time  between  the  trans- 
mission of  a  pulse  and  the  return  of  its  echo 
provides  the  means  for  determining  the  dis- 
tance of  the  target  from  the  radar  trans- 
mitter. 

Beam-riding  missiles  are  of  two  types — 
one-radar  and  two-radar  systems.  In  a 
one-radar  system,  the  missile  follows  a 
tracking  beam  to  the  target. 

A  more  efficient  system  is  the  two-radar 
beam  rider.  In  this  case  the  tracking  radar 
points  the  control  radar  as  it  tracks  the 
target.  When  the  interceptor  missile  is  first 
launched,  it  enters  a  capture  beam  which 
assists  the  missile  in  acquiring  the  control 
beam.  The  control  beam  brings  the  missile 
and  target  together  to  a  collision  point. 

The  range  of  a  beam-rider  missile  un- 
fortunately is  limited  by  the  range  of  the 
radar  system.     The  beam-rider  system  af- 
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One-Radar  Beam-Rider  Guidance  System. 


fords  an  accurate  and  practical  form  of 
guidance  for  short-range,  high-velocity  in- 
terceptor missiles  and  may  at  some  future 
date  be  incorporated  in  larger  missiles  as  a 
homing  system,  either  by  itself  or  in  con- 
junction with  other  guidance  systems. 
Other  Systems 

Missiles  can  be  designed   to  use  almost 
any  kind  of  ground-based  or  self-contained 


navigation  system.  They  can  be  guided  by 
gyrocompasses  or  by  celestial  navigation. 
They  can  be  equipped  with  inertial  systems, 
Doppler  systems,  or  magnetic  compass  sys- 
tems. Or  they  can  be  made  to  navigate  by 
radar  or  loran.  In  theory,  at  least,  any 
kind  of  system  which  is  useful  to  a  human 
navigator  can  be  built  into  an  automatic 
guidance  system  for  a  missile. 
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Two-Radar  Beam-Rider  Guidance  System. 


ROLES  OF  MISSILES 

Missiles  are  coded  by  role,  branch  of  service,  model  and  other  factors. 
The  most  common  method  uses  A  for  air,  S  for  surface,  and  U  for 
underwater.  The  service  letters  are  A  for  Air  Force,  N  for  Navy, 
and  G  for  Army.  Thus,  ASM-G-3b  is  an  air-to-surface  missile  used 
by  the  Army,  third  model  and  second  modification.  X  preceding 
the  code  means  experimental,  Y  designates  a  missile  undergoing 
service  tests,  and  Z  means  obsolete.  Thus,  XAAM-A-4c  is  an 
experimental  air-to-air  missile  used  by  the  Air  Force,  fourth  model, 
third  modification.  Rockets  used  for  research  are  designated  TV  for 
"test  vehicle"  with  a  letter  indicating  the  kind  of  research.  Thus, 
"Lark"  CTV-N-9b  is  a  "Lark"  missile  used  for  control-system  research 
by  the  Navy,  and  is  the  ninth  model,  second  modification. 
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Propulsion  Systems 


The  term  propulsion  system  refers  to  the  equipment  in  an  air- 
craft which  produces  the  thrust  force.  In  a  jet  or  rocket,  this 
is  the  engine  alone.  In  a  propeller-driven  aircraft,  it  is  the  engine- 
and-propeller  combination. 

Rockets  and  jets  are  usually  rated  in  terms  of  their  thrust  output 
in  pounds  of  force.  Reciprocating  piston  engines,  on  the  other 
hand,  are  customarily  rated  in  horsepower. 

Horsepower  is  a  measure  of  ability  to  do  a  certain  amount  of 
work  in  a  specified  time.  Thrust  figures  may  be  converted  to  equiv- 
alent horsepower  figures  (or  vice  versa)  by  a  simple  calculation. 
One  horsepower  is  equivalent  to  375  pounds  of  thrust  moving  at  1 
mile  per  hour.  Or,  5,000  horsepower  is  equivalent  to  5,000  pounds 
of  thrust  moving  at  375  mph.  Or,  to  put  it  yet  another  way,  at 
half  that  speed,  or  187.5  mph,  5,000  pounds  of  thrust  will  do  work 
equal  to  2,500  horsepower. 


The  formula  is  given  here  only  to  pro- 
vide a  convenient  way  to  compare  the 
power  output  of  jets  with  piston  engines 
in  terms  familiar  to  the  student.  Crew 
members  of  jet  aircraft  seldom  concern 
themselves  with  such  conversions.  They 
are  trained  to  think  in  terms  of  thrust  rather 
than  horsepower,  just  as  they  are  trained  to 
think  in  nautical  rather  than  statute  miles, 
knots  and  Mach  numbers  rather  than  miles 
per  hour,  and  pounds  rather  than  gallons 
of  fuels. 

The  first  requirement  of  an  aircraft  pro- 
pulsion system  is  that  it  provide  sufficient 
thrust  for  acceleration  during  maneuvering 
and  takeoff,  for  overcoming  drag  in  flight, 
and  for  climbing.  In  addition  to  pro- 
viding sufficient  thrust,  it  must  fulfill  the 
requirements  of  dependability,  reasonable 
weight,  and  economy. 


Eighteen-cylinder  twin  row  Wright  radial  air-cooled 
engine,  the  type  used  to  power  B-29  bombers. 


Six-cylinder   Continental    horizontally-opposed    air- 
cooled  engine. 


Air  Force  Photo 

Allison  12-cylinder  V-type  engine,  only  liquid- 
cooled  aircraft  engine  of  American  design  kept  in 
production  throughout  World  War  II. 

J— 3 3  centrifugal-flow  turbojet  engine  built  by  Alli- 
son and  designed  by  General  Electric. 

Air  Force  Photo 
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Reaction  Motor's  6000- 
pound-thrust  liquid-fuel 
rocket  engine  designed  to 
drive  the  Air  Force's  Bell 
X-1. 


T— 31  turboprop  engine  with 
axial  flow,  produced  by 
General  Electric. 

Air  Force  Photo 


EFFICIENCY  OF  JET  AND 

ROCKET  ENGINES  AS  RELATED 

TO  SPEED 

The  efficiency  of  a  rocket  engine 
rises  steadily  with  an  increase  in 
speed.  The  ramjet  and  turbojet 
engines  also  increase  in  efficiency 
with  speed,  but  the  rise  is  neither  so 
large  nor  so  steady. 

Based  on  Aircraft  Development,  ECI  publication 
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THE  LIMITS  OF  AIR- 
BREATHING  CRAFT. 

Turboprop,  turbojet  and  ram- 
jet engines  are  efficient  only 
within  the  ranges  of  velocity 
and  altitude  indicated.  Rock- 
ets, which  are  not  air-breathers, 
can  function  within  any  ranges 
except  the  area  of  excessive 
temperatures. 


Redrawn  from  Air  Force  Magazine,  March  1958 
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To  fulfill  its  requirements  of  dependabil- 
ity, it  must  operate  under  flight  conditions 
for  long  periods  of  time  without  attention, 
while  delivering  an  adequate  amount  of 
power.  A  dramatic  demonstration  of  the 
dependability  of  the  modern  aircraft  engine 
was  given  in  1957  by  the  three  B-52  jet 
bombers  that  flew  around  the  world  in  45 
hours  and  19  minutes.  The  entire  distance 
was  flown  nonstop  and  without  maintenance. 
The  only  attention  needed  was  refueling, 
which  was  done  in  midair. 

In  the  design  of  an  aircraft  propulsion 
system,  careful  consideration  must  be  given 
to  the  total  weight — the  engine,  the  pro- 
peller if  there  is  one,  the  engine  mountings, 
and  the  fuel  that  the  engine  must  burn.  A 
happy  medium  must  be  reached  between  the 
weight  of  the  engine  and  the  weight  of  the 
fuel.  It  would  obviously  be  uneconomical 
to  reduce  the  weight  of  the  engine  by  10 
pounds  if  this  required  an  extra  hundred 
pounds  of  fuel  for  a  flight. 

To  be  economical  an  aircraft  powerplant 
must  be  able  to  burn  a  fuel  that  is  cheap  and 
plentiful,  must  be  simple  to  maintain  be- 
tween overhauls,  must  operate  long  enough 
between  overhauls  to  be  useful,  and  must  be 
reasonably  inexpensive  to  manufacture. 
Naturally  the  most  economical  engine  for 
an  aircraft  is  not  simply  the  one  that  is 
cheapest  to  construct.  To  represent  true 
economy  the  initial  and  operating  costs  of 
the  engine  must  be  compromised  with  such 
factors  as  weight  and  performance.  Auto- 
mobile engines  have  been  adapted  for  use  in 
aircraft  but  have  not  proved  successful.  Al- 
though the  automobile  engine  is  inexpensive 
to  manufacture  and  readily  available,  its 
weight  compared  to  its  horsepower  output 
makes  it  unsuitable  for  aircraft  use,  though 
its  appropriateness  for  use  in  automobiles  is 
unquestioned. 

In  the  early  days  of  aviation  the  engines 
available  did  not  fulfill  the  requirements  we 
have  outlined.  They  were  erratic,  unde- 
pendable,  heavy,  and  very  expensive  to  build. 
After  years  of  development  the  aircraft  en- 


gine may  now  be  said  to  accomplish  what  is 
required  of  it.  With  reasonable  care  and  at- 
tention it  will  operate  with  unfailing  regu- 
larity, deliver  uninterrupted  power,  and  al- 
ways be  ready  to  perform  its  functions. 

Most  aircraft  powerplants  in  present  use 
have  certain  things  in  common.  Although 
differing  in  appearance  they  all  derive  their 
power  to  operate  from  principles  governed 
by  the  same  physical  laws,  and  thus  are 
fundamentally  the  same  type  of  engine. 

Some  of  the  most  important  common  de- 
nominators of  modern  aviation  engines  are: 

1.  They  are  all  heat  engines. 

2.  They  are  all  internal  combustion 
engines. 

3.  They  all  evolve  thrust  from  the 
principle  of  reaction. 

A  heat  engine  is  an  engine  that  operates 
from  the  liberation  of  heat,  in  this  case  from 
the  combustion  of  fuel.  This  heat  is  used 
to  expand  air  or  gases  to  produce  work.  It 
is  a  basic  concept  of  physics  that  when  heat 
is  applied  to  a  gas  such  as  air  the  gas  will 
expand  or  its  pressure  will  increase,  or  both. 
The  increase  in  pressure  can  be  used  directly 
to  produce  work,  as  in  a  piston  and  cylinder. 
When  the  piston  is  forced  to  move  by  the 
pressure,  it  can  be  made  to  perform  useful 
work,  such  as  turning  the  propeller.  In  an- 
other type  of  heat  engine,  the  expansion  of 
heated  gases  is  used  to  form  jets  of  gas  which 
produce  thrust. 

When  we  say  that  an  aircraft  powerplant 
is  an  "internal-combustion  engine,"  we  sim- 
ply mean  that  the  fuel  is  burned  within  the 
engine  itself  to  produce  the  heat  necessary 
for  it  to  function.  An  example  of  a  heat  en- 
gine that  is  not  an  internal-combustion 
engine  is  the  common  steam  engine.  In 
this  type  of  engine  the  fuel  is  burned  to  heat 
water  and  produce  high-pressure  steam. 
This  heated  steam  flows  through  pipes, 
sometimes  for  a  great  distance,  to  the  engine, 
transmitting  the  pressure  force  to  the  engine. 
The  pressure  of  the  live  steam  furnishes  the 
force  to  operate  the  engine.  In  all  present 
aircraft  engines  the  fuel  is  transmitted  to  the 
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engine  and  is  burned  within  the  confines  of 
the  engine  itself. 

FUELS 

The  commonest  forms  of  engine  fuel  in 
use  today  are  the  hydrocarbons  derived  from 
petroleum.  The  best  known  are  gasoline, 
kerosene,  and  diesel  fuel.  These  fuels  have 
certain  desirable  characteristics  which  make 
them  practical  energy  sources  for  modern 
engines. 

1.  They  are  volatile.  That  is,  they  evap- 
orate quickly  under  suitable  conditions  and 
can  be  easily  mixed  with  air  to  form  a  com- 
bustible mixture. 

2.  They  ignite  at  relatively  low  tempera- 
tures. If  the  flash  point  (the  lowest  tem- 
perature at  which  a  fuel  will  ignite  spon- 
taneously in  air)  is  too  high,  the  engine  will 
be  difficult  to  start. 

3.  They  have  a  very  low  freezing  point, 
so  there  is  no  serious  danger  of  their  freezing 
in  the  tanks  at  high  altitudes  or  during  stor- 
age in  arctic  conditions. 

4.  They  have  a  relatively  high  heat  con- 
tent. That  is,  they  "burn  hot,"  liberating 
a  great  amount  of  energy. 

5.  They  are  easily  handled  under  fairly 
simple  safety  precautions.  They  do  not  re- 
quire elaborate  or  complex  safety  procedures 
during  storage  or  transportation. 

6.  They  are  relatively  stable  and  do  not 
deteriorate  or  become  hazardous  when 
stored  for  long  periods  of  time  at  normal 
temperatures. 

7.  They  are  readily  available  at  reasonable 
cost. 

Within  each  type  of  hydrocarbon  fuel, 
there  are  many  grades.  For  proper  opera- 
tion, each  must  be  used  with  the  engine  for 
which  it  was  designed.  When  an  engine  is 
designed,  the  type  and  grade  of  fuel  chosen 
has  considerable  bearing  on  details  of  con- 
struction and  will  be  the  most  important 
factor  determining  the  engine's  ease  of  start- 
ing and  restarting,  operating  temperature, 
and  maximum  power  output. 

The  subject  of  fuels  is  not  complete  with- 


out mentioning  the  oxygen  necessary  to  burn 
them.  Correctly  speaking,  a  fuel  exists  only 
when  a  source  of  energy,  such  as  gasoline, 
is  mixed  with  oxygen.  The  oxygen  is  nor- 
mally supplied  from  the  atmosphere.  Gaso- 
line by  itself,  for  example,  will  not  burn  in 
an  engine,  but  must  be  mixed  with  oxygen 
to  form  a  combustible  mixture.  By  com- 
mon usage,  however,  substances  such  as  gas- 
oline have  come  to  be  called  fuels.  Those 
engines  which  use  the  atmosphere  as  the 
source  of  oxygen  are  called  atmosphere- 
dependent  engines.  All  the  reciprocating 
engines  and  the  jets  are  included  in  this 
category. 

At  present,  the  only  atmosphere-inde- 
pendent power  plant  is  the  rocket,  which  car- 
ries its  own  oxygen  supply. 

THE   LAW  OF  ACTION  AND 
REACTION 

If  we  exploded  a  firecracker  between  two 
identical  steel  balls,  we  would  expect  the 
balls  to  roll  away  at  the  same  speed. 


If  one  were  heavier  than  the  other,  we 
would  expect  it  to  roll  away  more  slowly 
than  the  light  ball.    We  do  not  explain  this 


to  ourselves  by  claiming  that  less  force  was 
exerted  on  the  heavy  ball,  but  by  pointing 
out  that  a  certain  amount  of  force  can  either 
move  a  large  mass  just  a  little,  or  a  smaller 
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mass  quite  a  bit.  We  know,  for  ex- 
ample, that  replacing  the  heavy  ball  with 
a  cannon  does  not  change  the  laws  of 
physics.  When  the  explosion  occurs,  the 
cannon  will  travel  in  one  direction  and  the 
ball  in  the  other.  The  cannon  will  travel 
only  a  few  inches,  while  the  ball  may  travel 
several  hundred  yards.  But  this  is  not  be- 
cause a  greater  force  was  applied  to  the  ball 
than  to  the  cannon;  the  two  forces  are  equal. 
It  is  solely  because  the  cannon  is  heavier. 

The  force  applied  to  the  ball  is  called 
the  action  force.  The  force  applied  to  the 
cannon  is  called  the  reaction  force.  The 
physical  law  states  that,  for  every  action  there 
is  a  reaction,  and  that  these  two  forces  are 
equal  and  opposite. 

There  is  no  magic  performed  by  choosing 
to  call  the  force  applied  to  the  ball  the  ac- 
tion force.  If  we  were  interested  in  moving 
the  cannon,  and  decided  to  do  this  by  firing 
it,  we  might  reverse  our  terms.  This  would 
leave  the  laws  of  physics  quite  unchanged. 

If  we  now  replace  the  cannon  ball  with  a 
piston,  and  the  cannon  with  a  cylinder,  and 


if  the  explosion  is  caused  by  igniting  a  mix- 
ture of  gasoline  and  air  instead  of  gun- 
powder, we  can  create  an  engine.  Nor  does 
this  alter  the  law  of  action  and  reaction. 
The  cylinder  ("cannon")  no  longer  moves 
from  its  position,  but  the  force  applied  to  it 
is  no  less.  The  cylinder  is  simply  fastened 
down  so  tightly  that  the  reactive  force  cannot 
move  it.  Leave  the  cylinder  head  loose  and 
the  reactive  force  will  become  immediately 
and  violently  apparent. 

THE   ROCKET 

A  rocket  is,  in  a  manner  of  speaking,  an 
engine  cylinder.  In  this  case,  the  reaction 
mass  is  not  a  steel  piston,  but  is  the  gas 
produced  by  the  explosion  of  the  fuel.  Gas 
is,  of  course,  a  substance.  The  kind  of  mass 
it  has  is  not  essentially  different  from  the 
kind  of  mass  a  steel  piston  has.  The  only 
difference  is  that,  given  a  piston  of  gas  and 
a  piston  of  steel  the  same  size,  the  gas  has  less 
mass. 


In  either  case,  the  explosion  will  shove  the 
gas  "piston"  in  one  direction  (action)  and 
the  cylinder  in  the  other  (reaction). 

Now,  rather  than  have  one  sudden  explo- 
sion, we  so  arrange  things  that  the  explosion 
is  extended  over  a  long  period.  We  can  do 
this  by  continually  adding  more  explosive. 
Or  if  we  prefer  to  use  a  solid  fuel,  we  can 
arrange  it  so  that  it  burns  at  a  particular 
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OXIDANT 


Diagram  of  liquid-fuel  rocket. 


rate  ("explodes  slowly").  This  will  pro- 
vide a  continuous  thrust  force  to  drive  the 
rocket  forward. 

Rocket   Fuel   Systems 

One  way  of  describing  the  efficiency  of 
a  rocket  fuel  system  is  to  express  it  in  terms 
of  specific  impulse.  This  is  the  constant 
thrust  (measured  in  pounds  of  force)  that 
can  be  produced  by  burning  1  pound  of  fuel 
per  second.  In  more  technical  terms,  spe- 
cific impulse  is  pound-seconds  of  thrust 
obtainable  by  burning  a  pound  of  fuel. 

The  thrust  (the  reactive  force)  can  only 
be  increased  by  increasing  the  active  force. 
This  can  be  done  by  either  of  two  methods : 
( 1 )  by  increasing  the  mass  of  the  gas  shoved 
backward,  or  (2)  by  increasing  the  velocity 
at  which  the  mass  is  shoved.  Or  we  could 
do  both.  It  turns  out  that  the  easiest  thing 
to  do  is  to  shove  the  gas  out  at  the  maxi- 
mum possible  velocity. 

So  far,  the  most  practical  method  of  ob- 
taining the  high  ejection  velocities  required 
is  by  using  a  gas  that  expands  very  rapidly, 
and  by  requiring  it  to  expand  through  a  noz- 
zle. When  the  gas  expands,  it  has  no  space 
to  expand  into  except  straight  out  the  back 
of  the  rocket.  So  it  expands  in  that  direc- 
tion, at  tremendous  velocity,  and  is  pro- 
pelled backward  by  the  force  derived  from 
its  own  expansion. 

The  burning  process  in  a  rocket  is  like 
any  other  burning  process  in  that  the  fuel 
must  be  mixed  with  oxygen  before  it  will 


burn.  In  all  other  present-day  aircraft  en- 
gines, this  oxygen  is  obtained  from  the  at- 
mosphere. The  rocket,  however,  carries  its 
own  supply  of  oxygen. 

The  fuel  system  of  a  rocket  engine  may  be 
one  of  two  types :  ( 1 )  those  burning  solid 
propellants,  and  (2)  those  burning  liquid 
propellants. 

The  solid-fuel  rocket  is  the  older  and  has 
been  used  much  more  extensively  than  the 
liquid-fuel  system.  The  solid  fuel  is  stored 
right  in  the  combustion  chamber,  and  the 
rate  of  burning  is  controlled  by  adjusting  the 
surface  area  exposed.  Oxygen  is  supplied 
directly  from  the  chemicals  being  burned. 
Burning  pressure  is  usually  1,000  to  2,000 
pounds  per  square  inch,  the  exact  amount 
being  determined  by  the  characteristics  of 
the  propellant. 

The  solid  propellants  can  be  divided  into 
three  groups  according  to  their  burning  time. 
Fuel  with  a  short  burning  time  is  used  to 
give  a  relatively  high  thrust  for  a  short 
period  of  time.  It  is  generally  used  when 
high  accuracy  is  required.  In  a  rocket 
motor,  the  velocity  and  direction  of  the  gas 
are  seldom  uniform  over  the  nozzle  cross 
section,  and  there  are  often  mechanical  mis- 
alignments. Therefore,  if  high  accuracy  is 
required,  the  rocket  must  be  guided  during 
the  time  of  burning,  as  is  the  case  with  the 
bazooka. 

In  this  weapon  a  high  acceleration  is  re- 
quired for  a  very  short  time.  Double-based 
powders    of    the    nitroglycerine-gun    cotton 
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type  are  used.  The  specific  impulse  for  such 
systems  would  be  around  250  pounds  of 
force,  corresponding  to  a  jet  velocity  of  about 
8,000  feet  per  second.  The  accelerations 
are  about  the  same  as  those  for  the  projectiles 
of  regular  guns.  Therefore,  rockets  using 
solid  propellants  with  a  short  burning  time 
must  be  built  strong  enough  to  withstand  the 
high  acceleration  forces. 

The  intermediate  type  of  propellant, 
which  has  a  burning  time  of  3  to  5  seconds, 
is  used  when  the  rocket  is  less  rugged  and 
less  accuracy  is  required,  or  when  guidance 


can  be  applied  over  a  longer  period.  A 
typical  use  is  for  the  barrage  rocket. 
Double-based  powders  have  been  used  for 
this  purpose,  but  difficulties  have  been  ex- 
perienced in  obtaining  slow  combustion 
rates.  Therefore  composite  propellant  sys- 
tems, such  as  mixtures  of  sodium  picrate  and 
potassium  or  ammonium  nitrate,  are  used 
instead.  These  composite  propellants  have 
a  specific  impulse  of  about  175. 

Slow-burning  propellants,  which  have  a 
combustion  time  of  30  to  60  seconds,  are 
used  in  the  rocket-assisted-takeoff  of  air- 
planes. A  mixture  of  asphalt  and  potas- 
sium chlorate,  called  Galcit,  is  one  kind. 
It  gives  a  specific  impulse  of  around  170. 
Since  this  mixture  tends  to  be  brittle  when 
cool  and  soft  when  hot,  it  cracks  and  runs. 
As  a  result,  the  area  exposed  for  burning 
increases,  and  failure  ultimately  results.  It 
must  therefore  be  stored  and  handled  with 


care. 


An  Air  Force  "Snark"  intercontinental- 
range  missile  blasting  off  with  aid  of 
two  booster  rockets  which  jettison  after 
burning  out.  Missile  is  driven  by  a 
Pratt  and  Whitney  J— 57  turbojet  engine. 


U.  S.  Air  Force  Photo 


The  solid  propellants  are  almost  always 
carried  within  the  combustion  chamber. 
Thus,  during  combustion,  the  whole  area 
where  the  propellant  is  stored  is  under 
pressure,  and  heavy  construction  is  neces- 
sary. The  weight  is  not  particularly  seri- 
ous in  small  motors,  but  it  becomes  a  major 
problem  in  the  design  of  large  rocket  en- 
gines. The  solid  propellants  also  suffer 
from  the  disadvantage  that  the  burning  rate 
depends  on  the  shape  of  the  material,  the 
initial  temperature,  and  the  pressure. 
Pressures  of  1,000  to  2,000  pounds,  which 
are  usually  necessary  for  obtaining  satisfac- 
tory burning  rates,  require  strong,  heavy 
cases.  The  composite  propellant  and  Galcit 
also  produce  large  volumes  of  smoke. 

The  one  real  advantage  of  solid  propel- 
lants is  their  simplicity.  No  pumps,  valves, 
or  regulators  are  required.  Most  solid  pro- 
pellants can  be  stored  easily  over  long  periods 
of  time  and  are  thus  ready  for  immediate  use. 

The  liquid  fuel  system  offers  better  con- 
trol. The  combustion  rate  can  be  regulated 
by  the  rate  at  which  the  liquid  is  introduced 
into  the  combustion  chamber.  But  some 
method  must  be  provided  for  forcing  the 
liquid  into  the  chamber  in  proper  amounts. 
In  the  small,  short-range  rockets,  the  liquids 
are  usually  introduced  into  the  combustion 
chamber  by  pressure.  In  very  large  rockets 
it  is  more  practical  to  pump  them  into  the 
combustion  chamber. 

Liquid-fuel  systems  are  either  monofuel  or 
bifuel.  In  monofuel  systems  a  single  liquid 
supplies  both  the  fuel  and  oxidizing  material. 
In  the  bifuel  systems  two  liquids  are  used. 
One  is  the  fuel,  and  the  other  is  the  oxidizer. 
Naturally  the  bifuel  systems  are  complicated, 
but  they  have  the  advantage  that,  generally, 
neither  liquid  by  itself  is  explosive. 

Ratio   of  Initial   Weight 
to   Final   Weight 

Specific  impulse  is  not  the  only  criterion  of 
the  performance  of  a  rocket.  The  ratio  of 
the  initial  weight  of  the  rocket  to  its  final 
weight  is  also  important.  It  is  desirable  to 
have  this  ratio  large  or,  in  other  words,  most 


of  the  weight  should  be  devoted  to  fuel  and 
not  to  the  engine. 

When  a  solid  propellant  is  used,  the  stor- 
age chamber  is  a  part  of  the  combustion 
chamber,  and  no  pumping  or  control  system 
is  needed,  but  the  storage  system  must  be 
heavy  enough  to  withstand  the  high  operat- 
ing pressure  of  the  rocket  engine.  It  is  for 
this  reason  that  solid  propellants  are  limited 
to  relatively  short  ranges,  and  it  is  doubtful 
whether  a  system  can  be  designed  for  a  solid 
rocket  that  has  a  weight  ratio  higher  than 
3  to  4. 

When  liquid  propellants  are  used,  they  are 
not  ordinarily  stored  in  the  combustion  cham- 
ber but  are  forced  into  it  at  a  controlled 
rate.  If  the  liquid  is  stored  under  pressure, 
the  tanks  must  be  of  heavy  construction,  and 
the  rocket  has  the  same  weight  handicap  as 
one  burning  a  solid  propellant.  If  the  liquid 
is  stored  at  low  pressure,  the  storage  tanks 
can  be  lightweight  and  the  ratio  of  initial 
weight  to  final  weight  is  more  favorable,  pro- 
vided the  rocket  is  large.  In  large  rockets, 
ratios  as  high  as  ten  should  be  possible. 
Such  a  high  ratio  would  make  a  tremendous 
difference  in  the  range  that  could  be  ob- 
tained. However,  the  pumps  and  other 
equipment  needed  for  low-pressure  fuel- 
storage  systems  weigh  almost  as  much  for  a 
small  rocket  as  for  a  large  one.  In  small 
rockets,  their  weight  nearly  offsets  the  ad- 
vantages gained  by  using  the  lightweight 
storage  tanks.  So  low-pressure  systems  are 
most  practical  in  large  rockets. 

THE   RAMJET   ENGINE 

A  ramjet  engine  might  loosely  be  called 
a  "rocket"  which  does  not  carry  its  own 
source  of  oxygen.  It  acquires  the  necessary 
oxygen  from  the  atmosphere.  The  air  is, 
in  fact,  rammed  into  the  front  of  the  engine 
as  the  engine  moves  forward.  For  this  rea- 
son, a  ramjet  engine  cannot  be  operated  at 
all  until  some  other  force  gets  it  moving 
through  the  air  at  a  considerable  velocity. 
Aircraft  with  ramjet  engines  must  therefore 
have  another  engine  as  well,  which  can  be 
used  to  get  the  aircraft  up  to  a  velocity  suf- 
ficient to  start  the  ramjet. 
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Diagram  of  a  supersonic  ramjet  engine. 
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There  are  four  "stages"  in  the  function- 
ing of  a  ramjet  engine:  (1)  Intake,  which 
is  accomplished  by  moving  the  engine  for- 
ward through  the  atmosphere;  (2)  compres- 
sion, which  is  partially  performed  by  the 
diffuser  cone  as  the  air  enters;  (3)  combus- 
tion, in  which  fuel  is  sprayed  into  the  air 
passing  through  the  combustion  chamber 
and  ignited  (first  by  a  spark  plug,  then  by 
the  continuous  combustion)  :  and  (4)  ex- 
haust, which  takes  place  at  high  velocity 
through  a  nozzle  at  the  back. 

The  ramjet  operates  best  at  (and  is 
nearly  always  designed  for)  supersonic 
speeds.  Generally,  it  does  not  even  start 
below  about  250  knots.  The  second  en- 
gine, which  accelerates  it  to  its  starting 
speed,  may  be  a  turbojet  or  a  rocket. 

The  ramjet  produces  tremendous  thrust 
for  its  weight  and  has  an  extremely  high 
rate  of  fuel  consumption.  But  it  is  a  pe- 
culiar characteristic  of  the  ramjet  that,  the 
faster  it  goes,  the  more  thrust  it  produces 
at  the  same  rate  of  fuel  consumption. 
Therefore,  at  supersonic  speeds,  the  ramjet 
approaches  the  piston  engine  in  fuel  econ- 
omy. 

Because  of  its  capability  for  high-speed 
propulsion,  the  ramjet  is  often  used  in  mis- 
siles. It  can  also  be  used  as  an  auxiliary 
source  of  power  to  give  short  bursts  of  speed 
to  more  conventional  types  of  aircraft,  such 


as  a  turbojet  fighter. 

THE  TURBOJET   ENGINE 

The  turbojet  engine  has  made  a  tre- 
mendous impact  on  the  development  of 
aviation.  It  is  relatively  light  in  weight 
for  its  thrust  and,  though  its  fuel-consump- 
tion rate  is  high,  its  performance  character- 
istics more  than  make  up  for  this 
disadvantage. 

Like  the  rocket  and  the  ramjet,  the  turbo- 
jet engine  can  be  employed  as  the  propul- 
sion system  for  a  manned  aircraft  or  for  a 
large  missile.  At  the  present  time,  the 
turbojet  appears  to  be  the  most  practical 
engine  for  high-speed  flight,  and  it  is  rapidly 
being  adapted  to  commercial  transport  ap- 
plications and  even  to  executive-type  private 
aircraft. 

All  the  operational  supersonic  aircraft 
now  in  use  by  the  United  States  Air  Force 
are  powered  by  turbojet  engines.  With  rare 
exceptions,  this  is  also  true  of  all  other  air 
forces  in  the  world  today. 

The  U.  S.  Air  Force's  recent  adoption  of 
a  new  turbojet-powered  primary  trainer 
marks  the  beginning  of  a  new  era  of  avia- 
tion in  which  a  military  pilot  may  complete 
his  entire  training  and  take  an  operational 
assignment  without  ever  having  flown  a 
propellor-driven  aircraft. 

A  turbojet  engine  differs  from  the  ram- 
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jet  mainly  in  that  it  contains  a  device  for 
"ramming"  the  air  into  the  combustion 
chamber.  This  device  is  called  the  com- 
pressor. 

In  starting,  the  compressor  is  rotated  by 
an  electric  motor,  but  after  the  engine  is 
operating,  the  compressor  is  rotated  by  a 
turbine  which  is  set  farther  back  in  the 
engine. 

The  turbine  acquires  its  rotation  from 
the  blast  of  hot  gases  as  they  pass  back 
toward  the  exhaust  nozzle. 

Here,  as  in  the  ramjet,  there  are  four 
"stages"  of  operation.  The  importance  of 
this  engine  in  modern  aviation  makes  it 
worthwhile  to  examine  these  stages  in  some 
detail. 

The  air  enters  the  engine  at  the  front. 
In  part,  the  intake  air  is  rammed  in  by  the 
movement  of  the  engine  through  the  atmos- 
phere. In  part,  it  moves  in  because  of  the 
low  pressure  caused  by  rotation  of  the  com- 
pressor. 


A  multiple-stage  turbine  consists  of  a  rotor  and 
stator  for  each  stage.  The  rotors  are  spun  by  the 
hot  gases  coming  directly  from  the  combustion 
chambers.  The  stator  blades  direct  the  flow.  The 
metal  of  the  turbine  must  withstand  extremely  high 
temperatures  during  operation.  During  starting  and 
stopping,  the  temperature  may  change  several 
hundred   degrees  almost   instantaneously. 

The  shaft  which  connects  the  turbine  with  the 
compressor  must  be  capable  of  handling  tremen- 
dous stress.  In  one  typical  engine,  this  shaft  must 
transmit  as  much  as  10,000  horsepower  from  the 
turbine  to  the   compressor. 


The   Compressor 

As  the  incoming  air  enters  the  compres- 
sor, its  velocity  is  reduced  and  its  pressure 
is  raised.  There  are  two  principal  ways  of 
doing  this:  the  centrifugal  compressor  and 
the  axial-flow  compressor. 

The  centrifugal  compressor  is  the  simpler. 
It  is  composed  of  a  rotor,  a  stator,  and  a 
casing.  The  rotor  is  mounted  within  the 
stator,   and   the   complete    assembly   is   in- 


The  centrifugal  compressor  consists  of  a  rotor  and 
a  stator  which  are  inclosed  in  a  casing.  As  the 
rotor  revolves,  air  is  drawn  in  near  its  center,  whirled 
around  by  the  rotor  blades  and  ejected  by  cen- 
trifugal force  at  high  velocity  against  the  stator 
blades.  There  its  velocity  is  converted  into  pres- 
sure energy  as  the  air  passes  toward  the  combustion 
chambers 
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closed  in  the  casing.  The  casing  has  an 
opening  near  the  center  of  the  rotor  for  the 
entering  air,  and  channels  at  the  rim  of  the 
rotor  to  direct  the  exit  air  to  the  combustion 
chambers. 

The  rotor  is  made  up  of  a  series  of  flat 
blades  as  shown  in  the  illustration.  As 
these  blades  revolve  about  the  axis,  air  en- 
ters the  rotor  at  the  center.  Centrifugal 
action  causes  the  air  between  the  blades  to 
move  outward  from  the  axis  of  rotation 
toward  the  rim  of  the  rotor,  where  it  is 
ejected  with  considerable  velocity.  The 
rotor  may  be  of  either  the  single-  or  double- 
entry  type.  In  the  double-entry  type,  air 
enters  the  center  of  the  rotor  from  both 
front  and  back. 

The  stator  of  the  centrifugal  compressor 
consists  of  diffuser  vanes  or  blades  which 
curl  outward  from  the  central  axis.  The 
stator  does  not  rotate.  The  energy  which 
the  mass  of  air  acquires  as  velocity  in  the 


GASES  ACQUIRE 
ENERGY   OF  MOTION 


A  single  stage  of  an  axial-flow  compressor  contains 
one  set  of  rotating  and  one  set  of  stationary  blades. 
As  the  rotor  turns,  air  entering  the  engine  is  com- 
pressed by  the  fan-like  action  of  the  rotor  blades 
and  passed  to  the  stator  whose  stationary  blades 
straighten  out  the  flow  and  direct  the  air  on  to 
another  set  of  rotor  blades  or  into  the  combustion 
chamber. 


rotor  is  efficiently  converted  into  pressure 
by  the  stator.  The  air  is  allowed  to  expand 
as  it  moves  into  the  several  divergent  pas- 
sages formed  by  the  stator's  diffuser  vanes. 
When  the  air  expands,  it  loses  its  velocity, 
which  is  converted  into  pressure,  since  the 
total  energy  must  remain  the  same.  The 
compressed  air  is  channeled  to  the  combus- 
tion chambers. 

The  centrifugal  compressor  just  described 
is  now  almost  entirely  replaced  by  the  axial- 
flow  compressor,  which  can  give  a  greater 
amount  of  compression  with  a  smaller  cross- 
sectional  area. 

The  axial-flow  compressor  operates  much 
as  an  aircraft  propeller  does.  The  rotor  is 
a  many-bladed  propeller  mounted  on  a  cen- 
tral shaft.  As  this  rotor  turns,  the  blades 
throw  the  air  backward  and  toward  the 
rim.  This  motion  creates  pressure  in  a 
manner  similar  to  the  ram  effect.  A  set  of 
stationary  blades  is  mounted  after  each 
rotor.  These  stationary  blades  serve  to 
straighten  out  the  flow  and  to  direct  the  air 
into  the  next  rotor.  A  set  of  rotating  and 
stationary  blades  together  is  referred  to  as 
a  stage.  Axial-flow  compressors  can  be 
made  up  of  any  number  of  stages,  depend- 
ing on  the  pressure  rise  desired. 

The   Combustion   Chambers 

From  the  compressor,  the  air  moves  back 
toward  the  combustion  chambers.  At  this 
point,  in  a  typical  engine,  it  is  divided  and 
most  of  it  flows  around  the  outside  of  the 
combustion  chamber  to  cool  it.  It  then  en- 
ters the  combustion  chambers  through  the 
holes  in  the  inner  shell  so  the  proper  ratio 
of  fuel  to  air  can  be  maintained  for  efficient 
burning. 

The  remainder  of  the  air  goes  directly 
into  the  combustion  chamber  for  mixing 
with  the  fuel.  Here,  the  fuel  is  injected  in 
a  steady  flow  and  at  high  pressure — about 
700  pounds  per  square  inch — and  combus- 
tion is  continuous.  The  energy  released 
raises  the  temperature  in  the  combustion 
chamber  to  about  3,250°  F.  Since  the  end 
of  the  chamber  is  open,  the  expanding  gas 
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rushes  out  toward  the  turbine. 
The  Turbine 

In  the  turbojet  engine  with  a  single-stage 
turbine,  the  flow  of  gas  from  the  combus- 
tion chambers  first  strikes  against  a  set  of 
stationary  blades  in  what  is  called  the  stator 
or  nozzle  diaphragm.  Like  the  stator 
blades  in  the  compressor,  the  turbine  stator 
blades  are  fixed  in  position  and  do  not 
move.  Their  purpose  is  to  deflect  the  rush- 
ing gas  slightly  to  make  it  strike  the  blades 
of  the  rotor  at  the  most  efficient  angle. 
They  also  constrict  the  gas  flow  and  there- 
fore accelerate  it  to  high  velocity. 

The  turbine  rotor  is  essentially  a  windmill 
mounted  on  the  same  shaft  as  the  compres- 
sor. The  rush  of  gas  from  the  stator  causes 
the  turbine  rotor  to  revolve  at  about  7,000 


rotor  are  mounted  on  the  same  shaft,  the 
rotation  of  the  turbine  drives  the  compres- 
sor. 

From  the  turbine,  the  exhaust  gas  rushes 
back  through  the  converging  exhaust  noz- 
zle, or  tailpipe.  There,  because  of  the  re- 
stricted opening,  its  velocity  is  increased 
and  it  leaves  the  engine  at  a  velocity  of 
about  1,800  feet  per  second. 

The  performance  of  a  turbojet  engine  at 
altitude  can  be  summed  up  by  saying  that 
the  thrust  decreases  with  altitude,  and  since 
less  thrust  is  being  developed,  less  fuel  is  used. 
At  high  altitudes  where  the  density  of  the 
air  is  low,  the  drag  of  the  aircraft  is  also 
low.  The  power  required  to  propel  the  air- 
craft at  any  given  true  airspeed  is  propor- 
tionally reduced.  Therefore,  even  though 
the  thrust  is  less  at  higher  altitudes,  the  air- 


ENERGY   FROM   FUEL 


Some  of  the  energy  of  the  hot  gases  rushing  toward 
the  tail  of  the  turbojet  is  used  to  turn  the  turbine 
which  drives  the  compressor.  The  energy  which  is 
left  in  the  gases  after  passing  through  the  turbine 
produces  the  thrust. 


MASS   FROM 
ATMOSPHERE 


ENERGY   REMAINING   IN   JET 


to  12,000  revolutions  per  minute,  the  exact 
number  depending  on  details  of  design. 

The  rotor  and  stator  constitute  a  stage. 
Turbines  are  often  designed  with  several 
stages.  With  such  turbines,  rotor  speeds 
can  be  less  while  the  diameter  of  the  turbine 
assembly  is  kept  reasonable  small. 

Since  the  compressor  rotor  and  turbine 


craft  can  go  almost  as  fast  as  it  can  at  lower 
altitude  where  the  thrust  and  drag  are  both 
much  greater.  Since  the  aircraft  goes  almost 
as  fast  at  altitude  as  it  does  at  sea  level  and 
since  less  fuel  is  required  at  altitude,  the 
miles  per  pound  of  fuel  are  increased  tre- 
mendously. In  any  mission  where  range  is 
a  factor,  the  turbojet  engine  must  be  oper- 
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Some  turbojets  have  a  barrel-like  attachmer 
the  tail  called  an  afterburner  which  is  used  to; 
vide  sharp  boosts  in  thrust  during  take-off  and  cl 
In  the  afterburner,  fuel  is  mixed  with  unburned 
gen  remaining  in  the  turbojet  exhaust.  The  I 
ing  of  these  gases  increases  the  temperature 
velocity  of  the  jet  stream  and  thereby  increase 
thrust  developed  by  the  engine. 


Courtesy  of  Ryan  Aeronautical  Company 


ated  at  high  altitudes — that  is,  at  35,000  feet 
and  above. 

THE  TURBOPROP   ENGINE 

Since  much  of  the  energy  of  the  turbojet 
engine  is  lost  in  the  wake  of  air  behind  the 
jet,  engineers  conceived  the  idea  of  using 
the  same  gas-turbine  engine  to  drive  a  pro- 
peller rather  than  to  produce  a  high  velocity 
exhaust  jet.  The  result  is  the  turboprop 
engine. 


The  turbine  engine  used  to  drive  a  pro- 
peller is  essentially  the  same  as  the  turbojet 
engine.  In  the  turbojet  engine,  however, 
only  enough  power  is  absorbed  by  the  turbine 
to  enable  it  to  drive  the  compressor.  Almost 
all  the  remaining  energy  is  used  to  create  the 
high-velocity  jet.  In  the  turboprop  engine 
the  turbine  is  designed  to  absorb  all  possible 
power  from  the  hot  gas,  leaving  only  a  very 
weak  exhaust  jet.  The  power  produced  by 
this  turbine  is  more  than  enough  to  drive 
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Turboprop  engine. 
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the  compressor.     The  additional  power  is 
used  to  drive  the  propeller. 

There  are  several  different  arrangements 
used  for  the  turbine  of  the  turboprop  engine. 
The  simplest  arrangement  is  to  have  a  multi- 
stage turbine  mounted  directly  on  the  same 
shaft  as  the  compressor  and  the  propeller 
drive. 

Another  arrangement  is  the  free-turbine 
engine.  In  this  arrangement  one  turbine  of 
sufficient  size  to  drive  the  compressor  is 
mounted  on  the  same  shaft  as  the  com- 
pressor, and  a  second  ("free")  turbine  is 
mounted  on  a  separate  shaft  for  driving  the 
propeller. 

Most  gas  turbine  engines  have  operating 
speeds  of  7,200  to  12,000  rpm.  But  pro- 
pellers operate  better  at  much  slower  rota- 
tions (800  to  1,500  rpm).  It  is  therefore 
necessary,  even  with  most  reciprocating  en- 
gines, to  introduce  considerable  reduction 
gearing  in  order  to  make  the  propeller  shaft 
run  at  a  satisfactory  speed.  For  a  gas  turbine 
engine,  the  amount  of  gearing  necessary  is 
considerable  and  not  only  adds  weight  to  the 
engine  but  further  complicates  the  design. 


Nevertheless,  for  certain  kinds  of  aircraft  it 
is  worth  it. 

When  compared  with  the  exhaust  jet  of 
the  turbojet,  the  propeller  of  the  turboprop 
engine  moves  a  much  larger  mass  of  air  at 
a  considerably  lower  velocity.  This  means 
higher  propulsive  efficiency  at  low  aircraft 
speeds.  A  propeller-driven  aircraft  will 
therefore  give  superior  performance  during 
takeoff,  climb,  and  long-range  low-speed 
cruise. 

PROPELLERS 

The  rocket  and  jet  achieve  their  forward 
thrust  as  reaction  to  propelling  a  mass  of  gas 
backward.  A  propeller  achieves  its  forward 
thrust  from  exactly  the  same  process. 

The  propeller  acts  upon  a  standing  mass 
of  air  in  such  a  way  as  to  give  it  a  velocity  in 
one  direction.  The  result  is  that  a  velocity 
in  the  opposite  direction  is  imparted  to  the 
propeller,  and  to  anything  (such  as  an  air- 
craft) fastened  to  it. 

The  propeller  can  be  likened  to  an  ordi- 
nary electric  fan,  except  that  the  angle  of 
the  fan  blades  is  reversed  so  that  a  fan  ac- 
celerates air  ahead  of  it  into  a  room  instead 
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of  rearward  past  the  motor.  Both  fan  and 
propeller  work  on  the  same  principle.  If 
the  fan  blades  were  rotated  backward  so 
the  air  was  pushed  back  instead  of  forward, 
we  would  have  the  semblance  of  a  minature 
airplane  engine  and  propeller. 

The  air  affected  by  a  propeller  is  roughly- 
equivalent  to  the  area  of  the  circle  de- 
scribed by  the  turning  propeller,  so  that  the 
air  moved  rearward  is  in  the  form  of  a 
cylinder  or  tunnel  of  air. 


We  may  regard  a  propeller  as  a  small 
wing.  The  cross  section  of  a  propeller 
blade  is  very  similar  to  that  of  a  wing,  for 
each  is  an  airfoil.  A  typical  cross  section 
of  a  propeller  blade  is  shown  below. 

When  the  action  of  the  propeller  is  ex- 
plained in  the  light  of  a  small  cross  section, 
the  theory  is  known  as  the  blade-element 
theory.  A  striking  resemblance  to  the 
phenomenon  of  a  wing  cross  section  can  be 
seen  in  the  illustration.  Acceleration  of 
the  air  to  the  rear,  forming  the  slipstream, 
corresponds  to  the  downwash  of  a  wing. 
Aerodynamically  they  are  the  same  thing. 

Normally  a  propeller  is  designed  to  pro- 
duce thrust  in  proportion  to  the  maximum 
horsepower  of  the  engine.  If  a  more 
powerful  engine  is  designed,  then  a  cor- 
responding change  must  be  made  in  the  de- 
sign of  the  propeller.  The  size  of  a  pro- 
peller is  limited  by  such  factors  as  ground 
clearance  and  the  speed  of  the  propeller 
tip.  One  way  to  increase  the  thrust  po- 
tential of  a  propeller  is  to  increase  the  num- 
ber of  blades.  If  carried  to  extremes,  how- 
ever, the  addition  of  blades  can  reduce 
efficiency.  When  a  larger  propeller  is  re- 
quired, a  compromise  is  usually  made  be- 
tween   diameter    and    number    of    blades. 


CROSS-SECTION  OF   PROPELLER 


DRAG 


Douglas-built  U.S.  Air  Force  C-133  turboprop  transport. 


U.  S.  Air  Force  Photo 


Propellers  have  been  designed  with  three, 
four,  and  sometimes  five  blades. 

The  modern  aircraft  propeller  is  an  ex- 
tremely complex  machine.  In  addition  to 
being  strong  enough  to  produce  the  thrust 
required  of  it,  it  is  designed  so  that  the 
angle  of  attack  of  the  propeller  blade  may 
be  changed  in  flight.  There  are  two  prin- 
ciple reasons  for  changing  the  blade  angle 
of  a  propeller  during  flight.  A  propeller 
without  this  controllable  feature  would  op- 
erate efficiently  only  at  or  near  the  rpm 
and  forward  speed  for  which  it  was  de- 
signed. By  controlling  the  blade  angle  it 
can  be  made  to  function  efficiently  over  a 
wide  range  of  speeds  and  rpm.  The  second 
reason  for  controlling  the  blade  angle  is  to 
keep  the  engine  running  at  a  constant  rpm. 
The  engine  can  thus  be  made  to  run  at  its 
most  efficient  rpm,  its  rpm  of  maximum 
power,  or  any  other  that  is  desired.  This 
constant  engine  rpm  is  obtained  by  control- 
ling the  angle  of  the  propeller  blades  with 
a  device  known  as  a  governor. 

A  propeller  that  incorporates  a  mecha- 
nism to  control  blade  angle  in  flight  is 
called  a  controllable-pitch  propeller.  If 
this  mechanism  is  controlled  by  a  governor 
to  maintain  a  constant  engine  rpm  it  is 
known  as  a  constant  speed  propeller.  Pro- 
pellers incorporating  these  features  are  in- 


stalled in  aircraft  only  when  the  added 
weight  and  cost  of  the  installation  can  be 
offset  by  higher  or  more  economical  per- 
formance. A  propeller  of  this  type  de- 
mands the  highest  order  of  craftsmanship 
in  its  construction  and  contains  more  mov- 
ing parts  than  a  modern,  high-powered 
automobile  engine. 

The  propeller  for  a  turboprop  engine  re- 
quires very  careful  and  specialized  design. 
The  gas  turbine  is  practically  a  constant- 
speed  engine,  and  therefore  operates  near 
its  maximum  power  at  all  times.  In  this  re- 
spect, it  is  quite  different  from  a  reciprocat- 
ing engine,  and  it  creates  a  major  problem 
in  the  design  of  a  suitable  pitch  control  and 
governing  mechanism  for  the  propeller. 

The  8,000  to  10,000  horsepower  supplied 
to  the  propeller  by  a  large  gas-turbine  engine 
is  two  to  three  times  greater  than  the  output 
of  reciprocating  engines  in  service  today.  A 
simple  propeller  capable  of  absorbing  this 
power  may  have  to  be  over  30  feet  in 
diameter.  Since  this  size  is  impractical, 
turboprops  usually  have  specially  designed 
four-bladed  propellers.  As  more  powerful 
engines  are  designed  and  built,  it  may  be- 
come necessary  to  resort  to  two  five-blade 
counter-rotating  propellers-  a  very  com- 
plicated, costly,  and  heavy  mechanism. 

Furthermore,  to  design  and  develop  a  pro- 
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Volumes  of  air  affected  by  different  types  of  aircraft  engines. 
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RECIPROCATING   ENGINE  AND   PROPELLER 

peller  that  is  capable  of  absorbing  8.000  to 
10,000  horsepower  and  that  could  fly  an  air- 
craft at  speeds  approaching  that  of  sound 
presents  a  problem  equal  in  magnitude  to  the 
development  of  the  engine  itself.     The  tip 
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speed  of  a  propeller  depends  on  its  rotating 
speed  (rpm)  and  its  forward  velocity.  If 
any  part  of  the  propeller  operates  at  or  near 
the  speed  of  sound,  shock  waves  will  form 
on  the  blade,  and  the  result  will  be  a  decrease 
in  efficiency.  When  the  aircraft  is  already 
traveling  at  a  speed  near  that  of  sound, 
even  a  very  small  number  of  revolutions  per 
minute  will  place  not  only  the  tip  of  the 
propeller  but  most  of  the  blade  in  the  un- 
desirable transonic  speed  range.  Propeller 
experts  believe  that  the  problem  is  not  in- 
surmountable. They  have  developed  pro- 
pellers that  can  absorb  vast  amounts  of 
power  and  retain  their  efficiency  at  reason- 
ably high  speed.  But  such  propellers  are  not 
ready  for  immediate  use,  largely  because  of 
the  intolerable  noise  thev  create. 


RECIPROCATING   ENGINES 

The  reciprocating  engine,  with  its  cylin- 
ders, pistons,  carburetor,  and  other  familiar 
features,  is  still  the  most  widely  used  aircraft 
power  plant.  Coupled  to  a  propeller,  it 
forms  a  propulsion  system  still  unequalled 
for  overall  economy,  flexibility,  and  re- 
liability. 

Its  basic  principle  of  operation  is  derived 
from  the  same  law  of  action  and  reaction  we 
have  examined  in  the  cannon,  rocket,  ram- 
jet, turbojet,  and  turboprop.  In  fact,  we 
see  the  law  at  work  in  two  places  in  this  pro- 


pulsion system :  in  the  action  of  the  propeller 
shoving  a  mass  of  air  backward  so  that  the 
reaction  force  shoves  the  propeller  in  the 
opposite  direction,  and  again  in  the  cylin- 
der where  the  piston  is  shoved  downward  by 
the  explosion  of  the  fuel-air  mixture.  The 
straight-line  motion  of  the  cylinder  is  turned 
into  rotary  motion  by  means  of  a  crank  ar- 
rangement as  illustrated.  The  fundamental 
parts  of  the  reciprocating  engine  are  the  car- 
buretor, cylinders,  pistons,  connecting  rods, 
crank  shaft,  spark  plugs,  and  air-ducting 
system. 


Redrawn  from  Solar 
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CYLINDER   INLET 


SHAFT-DRIVEN 
SUPERCHARGER 
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CYLINDER   EXHAUST 


AIR   SCOOP- 


Cut-away  drawing  of  a  reciprocating  engine. 
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The  Carburetor 

Liquid  gasoline  burns  relatively  slowly. 
For  the  kind  of  rapid  combustion  required 
in  a  reciprocating  engine,  the  fuel  must  be 
in  the  form  of  a  fog  much  like  the  spray  from 
an  insect  spray  gun.  In  this  form,  it  is 
easily  mixed  with  the  proper  amount  of  air 
for  burning.  The  carburetor  converts  the 
fuel  to  fog  form  and  mixes  it  with  air.  It 
also  regulates  the  power  by  adjusting  the 
fuel-air  mixture  and  metering  the  flow. 

As  the  load  on  the  engine  varies,  the  ratio 
of  air  to  fuel  must  be  changed  even  though 
there  is  no  change  in  engine  speed.  When 
there  is  a  high  proportion  of  fuel  to  air,  the 
mixture  is  said  to  be  "rich."  When  this  pro- 
portion is  low,  the  mixture  is  said  to  be 
"lean." 

To  understand  how  the  fuel  is  atomized 
(changed  to  fog),  consider  first  an  ordinary 
insecticide  gun. 


R±  i    I) 


Simplified  diagram  of  carburetor. 
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The  spray-gun  bowl  contains  the  "fuel" 
and  is  comparable  to  the  fuel  bowl  of  the 
carburetor.  Note  the  hole  in  the  cap  of  the 
bowl:  this  vent  allows  the  normal  atmos- 
pheric pressure  to  enter  the  bowl.  The  top 
of  the  tube  is  located  just  below  the  air 
hole  of  the  pump.  Thus  a  stream  of  fast- 
moving  air  is  directed  across  the  top  end  of 
the  tube. 

As  we  have  seen  earlier,  fast-moving  air 
has  a  lower  pressure  than  still  air,  so  the 
pressure  at  this  point  is  lower  than  the  at- 
mospheric pressure.  The  atmospheric 
pressure  therefore  pushes  the  "fuel"  up  out  of 
the  bowl  and,  when  it  meets  the  blast  of 
air,  it  is  mixed  with  the  air  and  blown  along 
with  it  as  a  spray  or  fog. 

A  carburetor  operates  in  a  similar  man- 
ner, except  that  the  lowered  pressure  at  the 


air-fuel  nozzle  is  achieved  by  speeding  up  the 
air  flow  with  a  Venturi  tube.  By  constrict- 
ing the  throat  slightly  at  the  point  where  the 
fuel  enters,  the  air  can  be  made  to  flow  faster 
and  its  pressure  is  thereby  decreased.  The 
fuel  enters  the  airstream  and  is  vaporized. 
The  resulting  mixture  is  then  fed  into  the 
cylinder. 

The  carburetor  described  is  the  simplest 
type  in  use,  but  illustrates  the  general  prin- 
ciple involved  in  all  of  them. 

The  larger  the  amount  of  air  that  the 
engine  can  handle  per  minute,  the  greater 
its  horsepower  output  will  be.  Any  method 
that  increases  the  flow  of  air  through  the 
engine  increases  its  horsepower  output  and 
also  enables  it  to  operate  at  higher  altitudes 
where  the  air  is  less  dense.  Special  mech- 
anisms to  aid  in  this  are  called  supercharg- 
ers. The  supercharger  is  a  blower  or  com- 
pressor which  increases  the  mass  of  air  intake 
of  an  engine  over  that  which  would  normally 
be  drawn  in  by  the  pumping  action  of  the 
pistons. 
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Intake  Stroke 

This  stroke  takes  place  as  the  piston  moves 
out  of  the  cylinder  toward  the  crankshaft. 
During  this  stroke  the  volume  within  the 
cylinder  is  increasing.  At  the  same  time,  the 
lowered  pressure  within  the  cylinder  allows 
the  fuel-air  mixture  to  be  forced  into  the 
cylinder  through  the  intake  valve  port,  which 
is  open. 

Compression   Stroke 

As  the  piston  reverses  its  direction  and 
moves  into  the  cylinder,  the  intake  and  ex- 
haust valves  are  closed.  The  piston  de- 
creases the  volume  of  the  cylinder  chamber 
and  compresses  the  fuel  mixture  into  a  small 
space.  Just  before  the  end  of  this  stroke,  a 
spark  from   a  spark  plug  ignites   the  fuel. 


Notice  that  both  compression  and  ignition 
occur  during  this  stroke. 

Power  Stroke 

The  fuel  is  now  burning  and,  as  the  piston 
again  changes  its  direction  of  motion,  the 
burning  fuel  forms  a  large  volume  of  gas. 
The  pressure  cannot  move  the  cylinder  head, 
but  it  does  move  the  piston.  This  is  the 
power  stroke. 

Exhaust  Stroke 

When  the  piston  has  almost  reached  the 
bottom  of  the  power  stroke,  the  exhaust 
valve  opens.  Then,  as  the  piston  makes  the 
fourth  and  last  stroke  of  the  cycle,  it  pushes 
the  burned  gases  out  of  the  cylinder.  The 
cycle  now  is  ready  to  begin  again. 


Four-cycle  engine  events. 
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Cooling 

When  the  fuel-air  mixture  is  burned  in  the 
cylinder,  about  a  third  of  the  heat  produced 
is  used  to  force  the  piston  downward. 
About  a  third  of  the  heat  escapes  through 
the  exhaust  valve  and  is  lost  to  the  atmos- 
phere. But  unfortunately  the  remaining 
heat  is  neither  lost  overboard  nor  used  to 
perform  work.  It  is  trapped  in  the  piston 
and  in  the  walls  of  the  cylinder.  This  heat 
must  be  dissipated  and  requires  cooling  of 
the  engine  and  of  the  oil.  There  are  two 
effective  methods  of  cooling  a  reciprocating 
engine.  The  first  is  called  air-cooling  and 
is  accomplished  by  letting  the  air  flow  over 
thin  flanges  or  vanes  machined  on  the  cylin- 
der head.  This  system  alone  is  effective 
only  at  fairly  low  rpm,  however,  and  several 
methods  have  been  devised  for  assisting  it. 
One  of  the  most  common  is  to  construct  a 
system  of  engine  cowling,  cowl  flaps,  and 
cylinder  baffles  in  such  a  way  that  the  incom- 
ing air  must  slow  down  to  the  velocity  which 
does  the  best  job  of  cooling. 

The  other  method  of  cooling  the  cylinders 
is  by  the  use  of  liquids  as  in  an  automobile. 
Liquid  cooled    engines    are  so    constructed 


Vanes  and  baffles  on  an  air-cooled  cylinder. 
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that  a  blanket  of  liquid  entirely  surrounds 
the  cylinders.  This  liquid  circulates  from 
the  engine,  through  pipes,  to  a  radiator 
where  it  is  cooled,  then  back  through  the 
engine  block  again.  The  usual  liquids  for 
cooling  systems  are  water,  ethylene  glycol, 
or  a  mixture  of  the  two.  Both  cooling  meth- 
ods— air-cooling  and  liquid-cooling — have 
certain  inherent  advantages  and  disadvan- 
tages. The  air-cooled  system  is  simpler, 
easier  to  maintain,  and  less  vulnerable  to 
enemy  fire.  The  liquid-cooled  system  can 
usually  be  made  with  a  smaller  frontal  area, 
is  more  compact,  and  its  advocates  claim 
that  it  cools  more  evenly  and  therefore 
better. 

Obviously,  a  single-cylinder  engine  would 
not  be  practical  in  an  aircraft,  any  more  than 
it  would  be  in  a  modern  automobile. 
Basically,  there  are  two  ways  to  raise  the 
power  output  of  an  engine.  One  is  to  in- 
crease the  individual  cylinder  size,  and  the 
other  is  to  add  more  cylinders.  Since  there 
are  very  real  limits  to  the  practical  size  of  a 
single  cylinder  and  piston,  the  addition  of 
extra  cylinders  has  been  found  to  be  the  most 
satisfactory  way  of  increasing  horsepower. 
As  a  result  of  this  and  other  considerations, 
such  as  smoothness  of  operation,  modern 
power  plants  are  multicylinder  affairs. 
Multicylinder  engines  have  more  power  im- 
pulses per  revolution  than  single-cylinder 
engines,  and  therefore  give  more  sustained 
and  smoother  power.  Aircraft  engines  have 
been  constructed  in  many  different  config- 
urations to  provide  this  extra  performance, 
but  the  most  common  today  are  the  radial 
and  the  inline  engines. 

Inline   Engines 

One  method  of  adding  extra  cylinders  to 
the  basic  engine  is  to  increase  the  length  of 
the  crankshaft  and  make  more  throws  or 
bends  in  it.  Connecting  rods  and  pistons  are 
then  connected  to  these  bends.  This  will 
produce  the  basic  type  of  engine  known  as 
the  inline  engine. 

The  inline  engine  can  take  many  forms, 
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Typical  engine  crankshaft  arrangement. 


Typical  inline  engines. 


AIR   COOLED 
INLINE   OPPOSED 


some  of  which  are  the  "V",  "X",  and  "W". 
Fundamentally  these  engines  are  all  con- 
structed in  the  same  manner.  In  manufac- 
turing the  inline  engine  the  individual 
cylinder  heads  can  be  cut  separately  or  the 
entire  row  of  cylinders  may  be  cast  in  one 


LIQUID  COOLED 
INLINE   VEE 


block  and  then  machined.  If  the  engine 
is  to  be  air-cooled,  individual  cylinders  are 
usually  cast  separately.  If  the  engine  is  to 
be  liquid-cooled,  the  cylinders  arc  cast  in  one 
long  block. 

Small  inline  engines  such  as  those  used  to 
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power  light  aircraft  are  usually  air-cooled, 
while  the  larger,  more-powerful  ones  are 
usually  liquid-cooled.  The  reason  for  this  is 
that  the  rear  cylinders  of  large  inline  engines 
are  extremely  difficult  to  cool  using  the  air- 
cooled  system. 

The  inline  engine  offers  a  number  of  ad- 
vantages that  other  engines  do  not  have.  It 
is  usually  a  very  compact  installation  with 
a  small  diameter.  Also  the  liquid-cooled  ver- 
sion offers  very  good,  even  cooling  for  the 
individual  cylinders,  which  normally  in- 
creases engine  life  and  reduces  engine  failure. 
Radial   Engines 

The  other  method  of  adding  more  cylin- 
ders to  the  basic  engine  results  in  the  radial 
engine.  In  the  common  radial  engine  there 
is  only  one  throw  on  the  crankshaft  and  the 
crankshaft  is  not  lengthened.  Extra  cylin- 
ders are  arranged  circularly  around  the 
crankshaft  in  such  a  manner  that  all  the 
connecting  rods  operate  from  the  single 
throw.  The  firing  order  for  a  4-stroke  cycle 
requires  an  engine  which  will  always  have 
an  odd  number  of  cylinders  in  each  row  or 
bank  of  cylinders.  It  is  possible  to  build  a 
3-,  5-,  7-,  9-,  1 1-,  or  13-cylinder  radial  engine, 
but  never  a  radial  engine  with  an  even  num- 
ber of  cylinders  in  one  row  (unless  it  is  of  the 
2-stroke  type).  One  of  the  cylinders  is 
designated  as  a  master  cylinder.  Its  con- 
necting rod  fastens  to  the  throw  of  the  cylin- 
ders with  a  normal  bearing.  All  of  the  other 
connecting  rods  operate  on  swivels  around 
the  bearing  at  the  end  of  the  master  con- 
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Master  and  articulating  rod  assembly. 


Single  row  radial  engine. 

necting  rod.  These  connecting  rods  are 
known  as  articulated  connecting  rods. 

The  maximum  number  of  cylinders  in 
each  row  in  a  radial  engine  is  usually  nine. 
If  additional  power  is  required,  one  radial  is 
connected  to  the  rear  of  another  to  make 
what  is  known  as  a  twin-row  radial.  Al- 
though still  a  radial,  this  will  produce  an 
engine  with  an  even  number  of  cylinders ;  but 
it  is,  in  effect,  two  engines  connected  to- 
gether. In  this  case  the  crankshaft  will  have 
two  throws.  By  extending  the  crankshaft 
further  it  is  possible  to  build  radials  with 
three,  four,  or  more  rows. 

Because  of  their  shape  and  size  the  ma- 
jority of  radial  engines  made  in  the  United 
States  are  air-cooled;  although  liquid  cool- 
ing has  been  used.  The  air-cooling  sys- 
tem usually  has  the  advantage  of  being 
comparatively  simple,  very  sturdy  and  de- 
pendable, and  much  less  vulnerable  to 
enemy  fire. 

Operation   and   Characteristics 

A  propulsion  system  composed  of  a  re- 
ciprocating engine  and  propeller  is  efficient 
at  speeds  up  to  approximately  400  miles 
per  hour,  and  at  altitudes  under  40,000 
feet.  It  will  carry  more  weight  farther 
and  use  less  fuel  than  any  other  type  of 
propulsion  system  in  its  speed  range.  It 
is  dependable,  and  through  the  years  of  de- 
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velopment  has  become  rugged  and  simple 
to  maintain.  One  of  its  best  characteristics 
is  its  ability  to  create  large  thrust  at  low 
speeds,  enabling  the  aircraft  to  make  a  rela- 
tively short  takeoff  run. 

Such  a  propulsion  system  is  also  capable 
of  very  rapid  acceleration.  Its  ability  to 
change  from  a  low  to  a  high  power  output 
in  a  very  short  period  of  time  has  made  the 
airplane  a  versatile  and  efficient  military 
vehicle.  The  pilot  can  select  any  power 
setting  he  needs  to  maneuver  or  get  out  of 
trouble  and  get  an  immediate  response 
from  the  engine. 

The  choice  between  radial  engines  and 
inline  engines  has  produced  a  never-ending 
controversy.  In  Europe  the  aircraft  de- 
signers have  generally  adhered  to  the  liquid- 
cooled  inline  engines.  During  the  last  war 
large  inline  liquid-cooled  engines  were  built 
by  Allison,  Packard,  and  Rolls-Royce  and 


gave  dependable  service  in  United  States 
and  allied  planes.  In  the  United  States  to- 
day, however,  the  inline  air-cooled  engine  is 
usually  preferred  for  installations  requiring 
less  than  250  horsepower,  while  those  need- 
ing over  250  horsepower  are  generally 
radial  air-cooled. 

A  reciprocating  engine  could  probably  be 
produced  that  would  yield  8,000  to  10,000 
horsepower,  but  it  is  extremely  doubtful 
that  such  an  engine  of  a  reasonable  size  and 
weight  could  be  made  available  in  the  im- 
mediate future. 

Even  if  it  were  possible  to  develop  a  large 
reciprocating  engine  that  could  be  used  in 
high  speed  aircraft,  the  propeller  would  en- 
counter difficulties,  as  was  discussed  earlier. 

But  the  propeller-driven,  reciprocating- 
engine  propulsion  system  is  very  far  from 
obsolete,  and  new  and  better  aircraft  are 
being  designed  every  year  to  take  advan- 
tages of  its  many  desirable  features. 
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Space  Vehicles 


Though  conventional  aircraft  and  balloons  have  flown  in  the 
outer  fringes  of  the  atmosphere,  far  greater  altitudes  have  been 
achieved  by  test  rockets,  artificial  satellites,  and  unmanned  ballistic 
missiles.  In  addition  to  their  uses  as  test  vehicles  for  future  weapons 
and  transport  craft,  these  space-traveling  devices  are  collectors  of 
scientific  data  concerning  the  cosmos.  They  have  also  been  effec- 
tive as  vehicles  of.  propaganda. 

The  significance  of  the  fund  of  knowledge  gathered  by  such  ve- 
hicles is  almost  beyond  the  limits  of  man's  imagination.  It  seems 
probable  that  many  of  the  propositions  now  encountered  only  in 
science  fiction  will  eventually  take  their  places  as  accomplished  facts 
or  eminent  steps  towards  manned  space  travel.  The  problems  al- 
ready visible  are  staggering  and  more  appear  every  day.  Gradually, 
however,  the  ingenuity  and  persistence  of  modern  science  are  pro- 
ducing solutions. 


TEST   ROCKETS 

The  history  of  space  flight  began  with  the 
firing  of  test  rockets.  The  first  of  these  flying 
laboratories  was  sent  to  probe  the  upper 
levels  of  the  atmosphere.  Gradually,  they 
have  attained  higher  and  higher  altitudes 
until  now  they  reach  far  beyond  the  earth's 
air  ocean,  into  outer  space. 

Stages 

To  raise  a  pay  load,  whether  it  be  instru- 
ments in  a  high  altitude  test  rocket,  a  war- 
head in  a  ballistic  missile,  or  animals  or  men 
and  the  equipment  necessary  for  their  con- 
tinued survival,  is  costly  in  fuel.  Pay  loads 
must  not  be  encumbered  by  empty  fuel  con- 
tainers, fuel  pumps,  early  stage  controls, 
and  heavy  plumbing:  These  must  be  jetti- 
soned as  soon  as  empty.  This  accounts  for 
the  use  of  stages  in  rocket  firings.  In  ef- 
fect, segments  of  used  equipment  are  dis- 
carded when  they  are  no  longer  useful.  The 
first  successful  satellite  launcher  used  three 
stages;  as  many  as  five  have  been  designed 
for  other  flights. 

Structural   Problems 

The  highest  degree  of  engineering  skill  is 
needed  when  designing  space  vehicles.  The 
prime  structural  requirement  is  maximum 
strength  with  the  least  possible  weight.  Just 
one  example  of  ingenuity  in  dealing  with  this 
requirement  is  the  integral  rocket  fuel  tank. 
The  skin  of  the  tank  is  likewise  the  skin  of 
a  portion  of  the  rocket,  and  the  fuel,  under 
pressure,  gives  it  the  necessary  rigidity. 

Materials  are  as  important  as  ingenuity. 
For  example,  metals  and  their  characteris- 
tics must  be  scrutinized  with  particular  at- 
tention to  their  abilities  to  retain  strength 
under  conditions  of  great  stress  and  when 
temperatures  are  raised  near  the  melting 
point  by  air  friction  or  exhaust  heat.  Struc- 
tural problems  multiply  rapidly  with  the  de- 
mands for  higher  performance  and  greater 
size.  Here,  practical  problems  sometimes 
take  precedence  over  theoretical  problems. 

A  scientist  may  solve  a  theoretical  problem 


by  calling  for  the  use  of  beryllium,  a  metal 
six  times  stronger  than  steel  on  a  strength- 
to-weight  basis,  and  which  withstands  tre- 
mendous heat.  But  the  machinist  knows 
that  beryllium  is  too  hard  and  brittle  to  be 
worked  by  practical  methods — and  anyway, 
the  world's  entire  supply  of  refined  beryllium 
can  be  carried  in  a  briefcase. 
Controls 

The  various  triggering  devices  needed  for 
successful  test  rocket  firing  must  operate 
with  near-perfect  precision.  Some  are  acti- 
vated by  passage  of  time,  some  by  sensitivity 
to  altitude,  velocity  or  heat,  and  some  at 
completion  of  the  previous  step  in  a  se- 
quence. Some  operate  on  a  signal  from 
outside  the  vehicle.  For  example,  when  the 
fuel  in  the  first  stage  of  a  high  altitude  rocket 
is  exhausted,  explosive  bolts  are  automati- 
cally detonated  which  "shuck  off"  the  ex- 
hausted portion.  As  the  propellant  in  the 
second  stage  is  exhausted,  small  auxiliary 
rockets  are  automatically  activated  which 
impart  a  spin  to  the  third  stage  and  disengage 
it  from  the  second  stage  carcass.  The  third 
stage,  now  well  out  of  the  atmosphere  which 
made  fin  controls  feasible,  is  now  dependent 
on  the  spin  for  maintenance  of  lateral  sta- 
bility. Once  the  fuel  in  the  third  stage 
is  exhausted,  a  spring  or  other  device  is  acti- 
vated which  shoves  the  pay  load  forward  and 
free. 

Space  vehicles  are  usually  launched 
straight  up  from  the  earth's  surface.  The 
chief  reason  is  that  the  vehicle  will  thus 
traverse  a  minimum  depth  of  atmosphere, 
saving  fuel  and  generating  a  minimum  of 
heat  from  atmospheric  friction.  Another 
reason  is  the  relatively  fragile  construction 
of  many  rockets,  which  could  not  withstand 
the  stresses  of  lateral  suspension  before 
firing.  Control  problems  are  simplified,  too, 
when  the  take-off  is  vertical. 

Typically,  a  high  altitude  rocket  stands 
on  its  base  alone  just  before  firing.  As  the 
rocket  rises  from  the  launching  "pad," 
tendencies  to  nose-over  must  be  counter- 
acted. World  War  II  German  V-2  rockets 
used  atmospheric  stabilizing  fins  and  gyro- 
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Air  Force  Aero  Medical  "Aerobee"  rocket  used 
in  high  altitude  biological  research.  The  pressurized 
nose  cone  is  divided  into  a  forward  section  con- 
taining the  telemetering  equipment,  and  a  rear  sec- 
tion in  which  a  monkey,  a  steel  mouse-cage,  and 
a  camera  can  be  placed  side  by  side.  The  para- 
chute enables  the  animals  to  return  safely  to  earth. 
Animals  fired  aloft  to  heights  of  nearly  200,000 
feet  have  generally  suffered  no  ill  effects  and  have 
provided  much  valuable  data  on  the  medical  aspects 
of  upper-atmosphere  flight. 
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Schematic  of  the  three-stage  "Vanguard"  earth  sat- 
ellite launching  vehicle  with  its  propellant  and 
structural  materials  indicated.  Note  that  each 
rocket  in  the  vehicle  uses  different  propellants. 
Guidance  mechanism  (not  shown)  which  controls 
the  complete  vehicle  during  flight  is  located  in  the 
second  stage.  All  together,  the  three  stages  give 
the  vehicle  an  overall  length  of  72  feet.  On 
March  1  7, 1  958,  the  Vanguard  successfully  launched 
its  first  satellite  into  orbit. 
Based  on  drawing  from  K.  W.  Gartland,  "The  Vanguard  Project, 
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controlled  carbon  vanes  mounted  in  the 
blast  of  the  rocket  engine  to  alter  or  correct 
direction.  Many  later  rockets  have  aban- 
doned fins  entirely,  and  depend  for  all 
directional  controls  upon  gimbal-mounted 
engines.  That  is,  the  rocket  chamber  and 
nozzle  are  swiveled  to  provide  corrective 
thrusts.  In  this  way,  rocket  power  balances 
the  rocket  as  a  finger  might  balance  a  base- 
ball bat.  These  gimbal-mounted  engines 
also  may  be  used  for  deliberate  turning  of 
the  vehicle  in  flight. 

Escape  Velocity 

Every  large  body  has  an  escape  velocity 
proportional  to  its  mass.  For  the  earth,  if 
we  assume  that  the  total  velocity  is  imparted 
to  a  vehicle  right  at  ground  level,  directed 
straight  up,  it  is  25,000  mph  (seven  miles 
per  second) .  The  escape  velocity  from  the 
less  massive  moon,  however,  is  only  5.400 

mph. 

Actually  there  is  no  theoretical  reason 
why  a  space  vehicle  could  not  proceed  at  a 
good  safe  elevator  speed  of  20  mph  for  the 
entire  distance.  The  prohibitive  factor  in 
this,  aside  from  the  unreasonable  length  of 
time  it  might  take  to  complete  a  journey, 
is  that  propulsive  force  would  have  to  be 
applied  every  inch  of  the  way  that  the  earth 
exerts  gravitational  pull.  It  is  only  possible 
to  think  practically  of  escaping  from  the 
gravitational  pull  of  a  mass  as  great  as  the 
earth  by  attempting  speeds  away  from  it  at 
25,000  mph  or  greater.  Large  propulsive 
forces  applied  for  only  a  few  seconds  or 
minutes  will  do  the  job. 

Of  course,  the  earth's  gravitational  pull 
decreases  at  high  altitudes,  but  the  amount 
is  not  appreciable  except  at  great  distances. 
At  200  miles,  it  has  decreased  only  about 
10  percent,  and  at  4,000  miles  it  is  still  about 
a  quarter  of  its  sea-level  value. 

The  problem  of  escape  may  be  compared 
to  rolling  a  ball  up  a  hill.  If  the  ball  is  not 
given  enough  initial  velocity,  it  will  grad- 
ually slow  down,  stop  before  it  reaches  the 
top  of  the  hill,  and  roll  back  down.  But 
if  the  initial  velocity  is  great  enough,  it  will 
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roll  to  the  top  and  then  down  the  other 
side — which  may  be  compared  to  a  missile 
"escaping"  from  one  gravitational  field  and 
"falling"  toward  that  of  another  planet  or 
satellite.  The  accelerations  need  not  be 
tremendous,  though  the  lower  the  accelera- 
tion rate,  the  longer  it  will  take  the  vehicle 
to  reach  escape  velocity.  Accelerations  in 
the  order  of  tent's  (ten  times  the  accelera- 
tion of  the  earth's  gravity)  are  probably 
maximum,  since  greater  forces  would  im- 
pose destructive  stresses  on  the  vehicle's 
structure.  Two  or  three  ^'s  are  probably 
more  practical  figures. 

The  speeding  vehicle,  once  propulsion 
ceases,  immediately  begins  to  slow  because 
of  the  earth's  gravitational  pull.  However, 
before  it  can  slow  a  great  deal,  the  vehicle 
will  have  reached  a  considerable  distance 
from  the  earth.  At  that  distance,  the  earth's 
gravitational  pull  is  less,  so  that  the  vehicle's 
remaining  momentum  is  sufficient  for  it  to 
continue.  This  will  then  be  true  at  any  dis- 
tance from  the  earth.  Eventually  other 
heavenly  bodies  such  as  the  moon  or  sun  will 
exert  stronger  gravitational  pulls,  and  the 
vehicle  will  begin  to  "fall"  towards  one  of 
those  bodies. 


Uses   for  Test   Rockets 

The  first  test  rockets  were  used,  logically 
enough,  to  test  rockets.  Such  tests  are  con- 
tinuing, at  constantly  increased  distances 
from  the  earth.  The  practicality  of  rocket 
engines  for  many  purposes  in  both  war  and 
peace  is  now  assured. 

Test  rockets  are  also  launched  for  other 
tests  and  measurements.  For  example,  they 
earn-  instruments  for  collecting,  measuring 
and  recording  flight  data.  Rockets  have 
also  been  used  to  carry  instruments  which 
measure  the  density  of  the  atmosphere's 
various  layers,  and  to  learn  more  about  the 
degree  of  ionization  of  molecules  in  these 
layers.  The  strengths  of  ultraviolet  and 
radio  waves  emanating  from  the  sun  can 
be  measured,  as  well  as  cosmic  rays  coming 
from  outer  space.  Test  rockets  are  helping 
us  to  learn  the  degree  to  which  the  earth's 
electromagnetic  forces  van-,  the  distances 
and  the  number  of  orbiting  asteroids  be- 
tween the  earth  and  the  moon,  and  the  prev- 
alence of  meteoric  dust  and  other  cosmic 
particles.  Rockets  are  also  used  to  investi- 
gate the  possibility  of  making  very  long 
range  weather  forecasts  with  the  aid  of  data 
and  pictures  obtained  from  high  altitudes. 
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Photographs  of  the  sun.  planets,  and  stars 
taken  with  cameras  outside  the  distorting 
atmospheric  blanket  give  us  more  exact  in- 
formation about  them.  Invaluable  astro- 
nomical data  can  be  drawn  from  photo- 
graphs of  the  far  side  of  the  moon,  formerly 
hidden  from  view. 

Of  course,  test  rockets  are  necessary  de- 
vices in  developing  improvements  in  the  pro- 
pulsion and  control  of  intercontinental 
ballistic  missiles  and  also  in  adding  to  our 
understanding  of  the  problems  of  establish- 
ing orbiting  satellites  and  space  platforms, 
and  of  making  trips  to  the  moon  and  beyond. 

ARTIFICIAL  SATELLITES 

No  better  analogy  has  been  used  to  de- 
scribe the  forces  which  hold  a  satellite  to  its 
course  than  that  of  the  stone  whirled  around 
at  the  end  of  a  cord.  Imagine  such  a  stone 
whirling  in  atmosphereless  space. 


\ 


V 


At  any  given  point  in  time,  the  stone  has 
a  certain  velocity  in  a  certain  direction.  But 
the  natural  laws  of  motion  require  that  a 
freely-moving  body  travel  in  a  straight  line. 
If  we  assume  the  stone  to  have  a  velocity 
of  10  feet  per  second,  and  if  no  other  forces 
are  applied  to  it,  it  will  continue  at  that 
speed  in  a  straight  path.  In  order  to  turn 
it  from  that  path,  a  force  must  be  applied  to 
it.  This  force  is  supplied  by  the  hand  and 
transmitted  to  the  stone  by  the  string. 
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Do  not  attempt  to  understand  this  situa- 
tion in  terms  of  "centrifugal  force."  There 
is  no  radial  force  pushing  the  stone  away 
from  the  center  of  the  circle.  The  string's 
pulling  force  works  against  the  moving 
stone's   inertia,   that  is,   against  its  natural 


tendency  to  continue  in  a  straight  path.  If 
the  string  breaks,  the  stone  will  not  fly  off 
in  the  direction  the  string  is  pointing,  but  in 
the  direction  the  stone  was  traveling  at  that 
moment,  that  is,  at  a  tangent  to  the  orbit. 

If  we  replace  the  hand  by  the  earth,  the 
string  by  the  earth's  gravitational  force,  and 
the  stone  by  a  satellite,  the  same  laws  of 
physics  will  apply. 

The  analogy  is  similar  in  another  respect, 
too.  You  know  that  if  you  whirl  your  keys 
on  a  long  key  chain,  the  speed  of  rotation 
can  be  slower  than  if  you  try  to  whirl  them 
on  a  mere  inch  or  two  of  chain.  A  satellite 
orbiting  about  the  earth  just  outside  the  at- 
mosphere needs  a  velocity  of  about  18,000 
mph  to  have  enough  straight-line  inertia  to 
balance  the  earth's  gravitational  force.  But 
if  the  orbit  is  larger,  the  speed  required  will 
be  lower,  and  at  1 ,000  miles  from  the  earth's 
surface,  it  need  be  only  15,800  mph.  At 
22,000  miles  it  will  be  only  6,840  mph.  The 
moon,  still  our  best-known  satellite,  orbits 
the  earth  at  about  240,000  miles  and  travels 
only  2,355  mph  in  making  its  28-day  circuit. 


A  satellite  orbiting  in  a  circle  is  constantly 
falling  toward  the  earth,  but  its  horizontal 
speed  is  so  great  that,  in  any  given  period  of 
time,  its  fall  only  brings  it  around  to  a  new 
point  which  is  at  the  same  altitude. 


PATH  OF  FALL 


PATH  OF  FALL 


This  is  a  very  delicate  balancing  of  forces 
and  the  tiniest  additional  force  applied  to 
the  satellite  will  upset  it. 

Since  an  object  in  free  fall  is  weightless, 


a  slight  outward  push  would  send  the  satel- 
lite off  its  orbit  and  out  into  space.  A 
slight  increase  in  its  velocity  would  give  it 
greater  straight-line  inertia  and  produce  the 
same  result.  And  if  a  slight  additional  force 
were  applied  to  it  toward  the  earth,  the 
satellite  would  either  descend  to  a  lower 
altitude  and  establish  a  new  orbit,  or  change 
the  shape  of  its  orbit,  perhaps  to  one  which 
would  intersect  the  earth's  surface. 

If  the  satellite's  velocity  through  space  is 
slightly  decreased  by  air  friction,  its  inertia 
will  be  slightly  decreased,  too.  In  this  case, 
the  balance  between  inertia  and  gravity  will 
be  upset  in  favor  of  gravity,  and  the  satellite 
will  descend.  Since  orbital  velocities  are 
greater  at  lower  altitudes,  the  satellite's 
speed  will  increase.  This  will  compound 
the  friction  and  heating  problem  and  the 
vehicle  may  either  burn  or  melt  away. 

The  mass,  shape,  or  size  of  a  satellite  is 
not  pertinent  once  its  orbit  is  established  in 
atmosphereless  space.  Any  increase  in  mass 
increases  its  inertia,  but  this  is  counteracted 
precisely  by  added  gravitational  pull  on  the 
mass.  Shape  and  size  likewise  cannot  affect 
a  satellite's  speed  or  staying  power  unless 
th^re  is  air  or  other  friction  to  act  upon 
them. 
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A  model  of  the  6.4-inch;  four-pound  "Vanguard" 
satellite  that  went  into  orbit  March  17,  1958.  The 
power  to  transmit  "beeps"  back  to  the  earth  is 
furnished  by  solar  powered  batteries  which  harness 
the  sun's  rays  through  small  windows. 
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"Viking"  test  rocket  shortly  after  take-off.  Data 
obtained  from  firings  of  this  one-stage  rocket  played 
an  important  part  in  the  ultimate  success  of  the 
"Vanguard." 

Launching   a   Satellite 

If  we  shoot  a  satellite  into  orbit  in  an 
easterly  direction,  we  can  take  advantage 
of  the  fact  that,  while  it  is  sitting  "at  rest" 
on  its  launching  pad,  it  is  already  spinning 
around  the  center  of  the  earth  mass  at  the 
speed  of  rotational  travel  of  the  earth's 
surface.  At  the  equator,  this  is  quite  ap- 
preciable— 1,000  mph.  Thus,  less  energy 
need  be  applied  to  put  a  satellite  into  such 
an  orbit. 

If  an  eastward-traveling  satellite  is  or- 
bited at  a  distance  of  22,000  miles  from  the 
earth's  surface,  its  time  of  revolution  about 
the  earth  will  be  24  hours.  Consequently, 
if  launched  on  the  equator  and  directed  east- 
ward, the  satellite  would  remain  fixed  in  the 
sky  relative  to  a  point  on  the  earth.  Such 
a  satellite  would  have  many  practical  uses. 

Satellites  follow  generally  elliptical  paths 
around  the  heavenly  bodies  which  hold  them 
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gravitational  prisoners.  Orbit  shape  may 
be  almost  circular  to  very  elongated.  The 
degree  to  which  the  orbit  diverges  from  cir- 
cular is  spoken  of  as  the  eccentricity  of  the 
orbit.  Even  though  satellites  are  prisoners 
of  one  central  mass,  they  are  gravitationally 
affected  by  other  masses  in  the  heavens 
which  make  them  diverge  slightly  from  true 
elliptical  paths.  Other  divergencies  are 
caused  by  the  fact  that  the  earth  is  not  en- 
tirely spherical,  because  the  earth's  mass 
distribution  is  not  perfectly  even,  and  for 
other  reasons. 

That  point  of  the  orbit  which  reaches 
farthest  away  from  the  center  of  the  mass 
which  holds  the  satellite  is  called  the  apogee. 
The  opposite  point,  where  the  orbital  path 
is  closest,  is  called  the  perigee.  As  a  satel- 
lite approaches  apogee  in  its  orbit,  it  slows 
down.  Approaching  perigee,  it  increases 
in  speed.  This  can  be  explained  most  sim- 
ply by  considering  that  the  mass  approaching 
apogee  is  opposing  gravitational  force,  while 
it  is  "falling"  when  approaching  perigee. 
It  is  near  to  perigee  that  earth  satellites  are 
most  likely  to  encounter  significantly  de- 
structive masses  of  atmospheric  molecules. 
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Satellite  orbits  remain  in  a  plane,  except 
as  influenced  laterally  by  perturbation 
forces.  An  earth  satellite  established  in 
orbit  elsewhere  than  along  the  line  of  the 
earth's  equator  does  not  therefore  pass  over 
the  same  portions  of  the  earth's  surface  in 
succeeding  revolutions;  the  earth  is  rotat- 
ing beneath  it.  This  accounts  for  the 
characteristic  grid  appearance  of  a  satellite's 
path  when  it  is  charted  on  model  or  paper. 
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)rbit  of  Explorer  1  drawn\to  the 
:ale  of  1  inch  =  4000  milek  At 
lis  scale,  a  diagram  showing\(he 
le  moon's  orbit  would  have  to 
arge  enough  to  include  a  circle 
early  ten  feet  in  diameter.  Venus 
rould  be  1  73  yards  away  and  the 
un  634  yards  away.  To  include 
Mpha  Centauri  (the  nearest  star)  in 
be  diagram  would  require  a  page 
zaching  about  two-fifths  of  the  way 
o  the  moon. 
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The  Track  of  Soviet  Sputnik  1 


WESTERN  HEMISPHERE 


EASTERN  HEMISPHERE 


Courtesy  of  New  York  Times 
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(RESEARCH  ROCKET  FIRED  OCT.  21,  1957  BY  AF  WENT  ABOVE  2,750  MILES) 
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Courtesy  of  Air  Force  Magazine,  March  1958 
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The   Satellite   and   Its   Rocket 

The  amount  of  fuel  required  for  rocket 
propulsion  into  space  is  enormous.  The 
Vanguard  rocket  was  engineered  to  burn 
about  eight  tons  of  propellant  to  place  a 
satellite  weighing  21.5  pounds  into  orbit. 
The  pay  loads  must  be  very  important  to 
justify  such  expenditures  of  fuel.  But  the 
justification  may  perhaps  not  be  as  extra- 
ordinary as  is  implied  by  the  above  figures. 
For  example,  a  little  reckoning  to  translate 
efficiency  of  space  travel  into  homely  earth- 
bound  terms  shows  that,  in  only  one  revolu- 
tion of  25,000  miles,  completed  in,  say,  an 
hour  and  a  half,  the  mileage  per  pound  of 
fuel  comes  to  more  than  one  and  a  half. 
In  a  24-hour  day  of  16  revolutions  and 
400,000  miles,  the  return  comes  to  25  miles 
per  pound,  or  more  than  200  miles  per 
gallon.  Should  the  satellite  stay  up  for  a 
year,  the  mileage  would  amout  to  more  than 
9,000  miles  per  pound  of  fuel.  These  ap- 
proximate figures,  applied  generally  to 
reckoning  the  fuel  needs  of  orbiting  vehicles 
large  enough  to  carry  men,  hint  at  quite 
economical  interplanetary  travel  in  terms  of 
energy  consumption  per  unit  of  distance 
covered. 

Project  Vanguard  illustrates  a  few  of  the 
complexities  surrounding  such  a  venture. 
(The   data  for  Vanguard-type   launchings 


j^±  Courtesy  of  Martin  Company 

A  model  of  the  6.4-inch,  four-pound  "Vanguard" 
satellite  that  went  into  orbit  March  17,  1958.  The 
power  to  transmit  "beeps"  back  to  the  earth  is 
furnished  by  solar  powered  batteries  which  harness 
the  sun's  rays  through  small  windows. 

has  already  become  obsolete.  However, 
such  detailed  information  may  be  very  diffi- 
cult to  obtain  on  future  projects.) 

The  fuel  for  the  first  rocket  stage  is  kero- 
sene and  liquid  oxygen,  the  second  uses 
white  fuming  nitric  acid  and  unsymmetrical 
dimethylhydrazine,  and  the  third  uses  a 
solid  propellant. 

The  accompanying  diagram  illustrates 
other  launching  data.  Notice  that  the  de- 
vice begins  its  curve  into  path  of  orbit  as 
early  as  the  first  stage.  At  about  130  miles 
altitude  the  second  stage  burns  out,  but  this 


Based  on  Berganstand  Beller,  Satellite  and  Spaceflight 
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Launching  technique  for  21.5-pound  "Vanguard"  satellite.  The  launching  process  takes  only  ten 

minutes  and  covers  1,500  miles. 
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stage  remains  a  part  of  the  structure  (except 
for  the  discarded  nose  cone)  in  a  long  coast 
to  the  apogee  of  its  ballistic  path.  By  that 
time,  the  turn  to  approximately  horizontal 
to  the  earth's  surface  has  been  completed. 
Then,  about  700  earth  surface  miles  from 
take-off,  auxiliary'  rockets  spin  the  third 
stage  and  slow  the  second  stage.  The  latter 
begins  to  drop.  By  burn-out  time  of  the 
third  stage,  600  seconds  from  takeoff,  the 
satellite  is  pushed  free  from  the  third  stage 


structure,   and   both,   separated   by   a   little 
space,  assume  orbits  at  about  18,000  mph. 

Directional  control,  either  built-in  or  re- 
sponsive to  earth-originated  impulses,  must 
function  within  exceedingly  narrow  margins 
of  error  if  a  satellite  is  to  be  launched  suc- 
cessfully. The  last  directional  control, 
using  the  last  bit  of  power,  directs  the  ve- 
hicle into  the  proper  path.  Thereafter  it  is 
a  ballistic  missile  in  space. 


"Jupiter  C"  rocket  launching  "Explorer  I"  satellite. 
This  project  was  part  of  the  United  States'  contribu- 
tion to  the  International  Geophysical  Year.  The 
first  stage  was  a  modified  "Redstone"  ballistic  mis- 
sile, a  military  weapon  developed  by  the  Army. 
The  "Jupiter  C,"  a  liquid-fuel  rocket,  stood  823.3 
inches  high  including  the  satellite  attached  to  its 
nose.  "Explorer  I"  provides  information  about  the 
ionosphere,  geomagnetic  field  intensity,  and  atmos- 
phere density.  It  has  also  provided  information  on 
gravitational  irregularities  of  the  earth  and  other 
data. 


U.  S.  Army  Photo 


"Vanguard"  Launching  Vehicle. 
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"Vanguard,"  the  satellite  launching  rocket  designed 
and  built  by  the  Martin  Company,  is  as  tall  as  a 
seven-story  building.  The  rocket  shown  here  is  a 
test  vehicle  in  its  giant  gantry-crane  structure  at 
Cape  Canaveral,  Florida.  Hinged  platforms  of  the 
structure  close  around  the  rocket  to  give  easy  access 
to  various  sections  while  it  is  in  a  vertical  position. 
The  "smoke"  is  caused  by  evaporation  of  liquid 
oxygen   used  as  an   oxidizer  in   the   first   stage. 


Courtesy  of  Martin  Company 


"Vanguard"  test  rocket  leav- 
ing its  launching  tower  at 
Cape  Canaveral  during  one  of 
the  several  test  firings  which 
preceded  the  successful 
launching  of  the  first  Vanguard 
earth  satellite. 


Courtesy  of  Martin  Company 


Flight  of  the  "Vanguard"  as  envisioned  by  a  Martin  Company  artist. 

Courtesy  of  Martin  Company 


Once  the  fuel  in  the  first  stage  is  expended,  the  entire 
stage  drops  off  into  the  Atlantic  Ocean  to  reduce 
weight  during  the  rest  of  the  flight.  Soon  the  nose 
cone  will  be  jettisoned. 


When  the  300-mile  level  has  been  reached,  the 
second  stage  is  "braked"  by  retro-rockets.  As  soon 
as  the  third  stage  and  satellite  coast  clear,  the  last 
rocket  engine  kicks  off. 


Once  the  orbital  velocity  of  nearly  18,000  miles 
per  hour  is  reached,  the  satellite  is  separated  from 
the  third-stage  rocket  by  a  spring  mechanism.  For  a 
time,  the  third  stage  trails  along  behind  as  a  second 
satellite. 


Hundreds  of  miles  above  the  earth,  the  man-made 
moon  follows  an  elliptical  orbit  around  the  earth 
making  measurements  and  transmitting  data  to 
scientific  observers. 
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Uses   of  Artificial   Satellites   and 
Space    Platforms 

Relatively  permanent  bodies  in  the 
heavens  which  can  be  made  to  support  in- 
struments or  men  have  certain  obvious  ad- 
vantages over  ephemeral  rockets  or  high- 
altitude  balloons  or  aircraft.  Repeated  or 
continuous  monitoring  of  cosmic  rays  from 
outer  space,  and  of  x-rays,  ultraviolet,  and 
radio  waves  from  the  sun.  will  yield  data  of 
great  scientific  significance.  For  example, 
electromagnetic  energy  originating  in  the 
sun  is  suspected  of  influencing  earth  weather. 
Also,  it  is  established  that  the  sun's  radia- 
tions influence  radio  and  wire  communica- 
tion at  times.  From  the  vantage  point  of  a 
station  in  outer  space,  the  surface  of  the 
earth  may  be  photographed:  more  detail  of 
earthly  shapes  will  be  available  to  cartog- 
raphers. This,  plus  data  in  relation  to  mass 
gravitational  forces,  will  also  be  used  to  get 
better  information  concerning  the  exact  dis- 
tance between  points  on  the  earth's  surface — 
information  which  is  of  great  importance  in 
precise  navigation,  map  making,  and  pin- 
pointing targets  for  intercontinental  ballis- 
tic missiles.      Precise  gravitational  measure- 


ments will  also  aid  in  determining  the  thick- 
ness of  the  earth's  crust.  Perhaps  move- 
ments of  tides  which  are  known  to  occur  in 
molten  masses  beneath  the  crust  may  be 
charted. 

Microphones  and  erosion  gauges  will  be 
able  to  measure  the  frequency  and  size  of 
small  meteors  and  cosmic  dust  particles  dur- 
ing both  "normal"  times  and  when  the  earth 
is  in  the  vicinity  of  comets  and  other  clouds 
of  sky  matter.  This  information  will  be 
useful  for  planning  future  manned  flights. 
Almost  all  of  this  information  can  be  trans- 
mitted to  earth  observers  by  means  of  tiny 
telemetering  instruments. 

Space  platforms  may  include  artificial  and 
natural  satellites,  such  as  the  moon  and 
asteroids  ( asteroids  are  rocks  of  only  several 
miles  in  diameter  orbiting  the  earth)  and 
even  artificial  islands  suspended  in  the  area 
where  the  earth's  and  the  moon's  gravita- 
tional fields  balance  each  other.  They  will 
provide  unique  laboratory  conditions  of 
vacuum,  radiation,  gravity,  etc.,  unavailable 
here  on  earth. 

Some  believe  that  it  may  eventually  be 
possible  to  populate  the  moon.     Such  popu- 
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Some  of  the  useful  satellite  orbits  believed  to  be  within  the  reach  of  present  day  technology. 
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lations  would  live  in  pods  or  domes  on  the 
surface,  or  in  subsurface  spaces,  both  capable 
of  holding  an  atmosphere.  The  moon  is 
believed  to  be  a  logical  place  to  serve  as  a 
jumping-off  platform  for  interplanetary 
travel,  because  here  could  be  marshalled, 
in  the  absence  of  a  fuel-wasting  atmosphere, 
the  machines  and  fuels  necessary  for  such 
an  arduous  undertaking.  Furthermore, 
the  escape  velocity  of  the  moon  is  only  5,400 
mph.  This  fuel  saving  factor  alone  would 
make  it  a  desirable  launching  site. 

INTERCONTINENTAL  BALLISTIC 
MISSILES   (ICBM) 

If,  at  the  moment  of  power  cut-off  dur- 
ing the  launching  procedures,  the  satellite's 
direction  is  pointed  too  high  or  too  low  in 
relation  to  the  horizontal,  it  will  assume 
an  orbit  so  eccentric  that  its  perigree 
will  be  within  the  earth's  atmosphere.  Such 
an  orbit  would  also  result  if  the  vehicle's 
velocity  at  thrust  cut-off  were  too  slow.  In 
that  event,  the  elliptical  path  of  the  missile 
might  intersect  the  surface  of  the  earth. 
Engineered  to  do  this,  with  controls  suitably 
adjusted  to  cause  the  first  intersection  to 
occur  at  a  predetermined  spot,  and  equipped 
with  a  warhead,  it  becomes  an  intercon- 
tinental ballistic  missile. 

While  the  ICBM  launching  vehicle  is 
essentially  the  same  in  many  respects  as  a 
satellite  launcher,  the  multiplicity  of  vari- 
ants encountered  in  its  successful  develop- 
ment and  use  make  the  successful  ICBM 
considerably  more  difficult  of  achievement 
than  the  successful  earth  satellite.  The 
margins  of  permitted  error  are  even  smaller 
if  a  reasonably  small  target  is  to  be  hit, 
even  with  a  nuclear  warhead. 

ICBM   Trajectories 

The  nose  cone  of  an  ICBM  may  be  com- 
pared to  an  extremely  long  range  artillery 
projectile  carrying  a  high-explosive,  nuclear, 
or  thermonuclear  device.  Like  an  artillery 
shell,  it  follows  an  elliptical  (or  parabolic) 
trajectory.  Since  the  artillery  shell  cannot 
be  controlled  in  flight,  the  total  amount  of 
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"Air  University  Review" 
Ballistic  missile  trajectory. 

control  that  the  artilleryman  has  over  the 
trajectory  of  the  shell  is  determined  within 
the  gun — by  the  amount  of  explosive  charge 
and  by  aiming  the  barrel. 

Suppose  for  a  moment  that  we  have  such 
a  gun,  capable  of  firing  a  shell  over  5,000 
miles,  and  that  we  place  it  at  a  point  B  in 
space.  We  make  our  calculations  of  muzzle 
velocity,  range,  direction  and  so  on,  and  fire 
the  shell.  We  know  it  will  follow  a  trajec- 
tory up  into  space,  and  then  down  onto  the 
target. 

The  problem,  of  course,  is  that  we  have 
no  such  gun,  and  could  not  station  it  at 
point  B  if  we  had  it.  So  it  is  the  job  of  the 
ICBM  designer  to  produce  a  missile  which 
can  be  launched  from  point  A  on  the  ground, 
and  guided  with  such  accuracy  that  it  will 
leave  point  B  at  the  proper  velocity  and 
pointed  in  the  right  direction.  Power  is 
applied  to  an  ICBM  only  during  the  initial 
portion  of  its  flight,  that  is.  from  A,  the 
launch  point,  to  B,  the  thrust  cut-off.  All 
necessary  guidance  and  control  of  the  missile 
must  be  accomplished  during  the  powered 
flight,  for  the  missile  motion  cannot  be  in- 
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fluenced  when  power  is  no  longer  available. 

This  task  is  equivalent,  then,  to  guiding 
the  projectile  through  an  imaginary  (but 
correctly  aimed )  gun  barrel  at  point  B.  at 
exactly  the  "muzzle  velocity"  required  to 
give  it  the  correct  range.  How  difficult  this 
is  will  become  apparent  as  we  proceed. 

The  ICBM  is  launched  straight  up.  This 
simplifies  the  launcher  required  for  such  a 
large  vehicle  and  also  shortens  the  time  that 
it  is  close  to  the  ground  during  take-off. 
After  its  initial  vertical  climb,  the  vehicle 
makes  a  planned  turn  toward  the  thrust  cut- 
off point.  During  this  turn,  the  guidance 
system  begins  to  function  and  continues  to 
do  so  until  the  missile  reaches  the  required 
velocity,  altitude,  and  "aiming"  angle.  At 
this  point  (point  B).  it  automatically  cuts 
off  the  propulsion  system. 

The  power  requirements  for  an  ICBM  are 


quite  large  and  the  engines  constitute  a 
considerable  weight.  Of  course,  the  missile 
gets  lighter  as  fuel  is  consumed,  but  it  is 
advantageous  to  get  rid  of  the  empty  tanks 
as  well.  As  with  satellite  launchings, 
ICBM  are  projected  by  staged  rockets. 
When  the  first  stage  rocket  has  used  its  fuel, 
it  is  detached  and  dropped.  The  second 
stage  is  then  started,  and  it  propels  the  mis- 
sile on  toward  B.  As  the  missile  approaches 
B.  the  engines  on  the  second  stage  are  shut 
down,  and  the  final  adjustment  of  direction 
and  velocity  is  accomplished  with  small 
rockets  called  vernier  engines.  These, 
finally,  are  shut  down  just  as  the  missile 
passes  B. 

The  trajectory  beyond  the  thrust-cutoff 
point  B  may  be  divided  into  two  segments; 
the  free-flight  portion,  from  B  to  the  point 
of  re-entry  into  the  atmosphere  (point  C)  : 
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and  the  re-entry  portion,  from  C  to  the 
target.  For  a  long-range  missile  the  free 
flight  portion  from  B  to  C  is  above  the  sen- 
sible atmosphere;  hence  the  missile  during 
this  phase  is  a  freely  falling  body,  the  only 
forces  acting  on  it  being  its  own  momentum 
and  gravitational  attraction.  During  the 
re-entry  portion  from  C  to  T,  aerodynamic 
forces — primarily  friction — also  come  into 
play,  and  these  slow  the  missile  and  cause 
it  to  become  heated. 

The  length  and  shape  of  the  free-flight 
trajectory  are  determined  by  the  speed  of 
the  missile  at  thrust  cutoff,  the  angle  be- 
tween the  local  vertical  at  B  and  the  missile's 
direction  of  travel  (angle  a),  the  altitude 
of  point  B,  and  the  values  of  the  downward 
acceleration  due  to  gravity  along  the 
trajectory. 


jectories  for  each  speed  begin  to  approach 
each  other,  the  steeper  trajectory  becoming 
flatter,  and  the  flatter  trajectory  more 
arched. 

Finally,  when  we  use  the  minimum  cut- 
off speed  at  which  the  missile  will  reach  the 
target,  the  two  possible  trajectories  merge 
into  a  single  one  of  medium  height.  Because 
this  medium  trajectory  requires  the  lowest 
cutoff  speed,  it  is  the  trajectory  that  re- 
quires the  least  fuel  to  establish.  The  me- 
dium trajectory  is  also  more  favorable  in 
other  respects.  For  a  steep  trajectory  the 
re-entry  speed  is  high,  thus  presenting  a 
more  formidable  heating  problem.  For  a 
flat  trajectory,  the  re-entry  path  through  the 
atmosphere  is  long.  Both  very  steep  and 
very  flat  trajectories  require  a  more  precise 
guidance  system  than  the  medium  trajec- 
tory. 
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There  are  many  sets  of  values  for  velocity, 
angle,  and  the  spacial  position  of  point  B 
that  will  put  the  missile  on  a  tra^-^ry  to 
the  target,  but  some  sets  are  mor  Qf '       v-  , 
than  others  in  respect  to  the  <SKfl\*?    .  / 

pellant  required  or  the  precision 

Considering  a  given  point  B  and  a  given 
target  T,  one  finds  that  for  every  thrust- 
cutoff  speed  between  the  lowest  and  the 
highest  values  needed  to  reach  the  target, 
there  are  two  values  of  the  climb  angle  at 
B  that  yield  trajectories  connecting  B  and  T. 
One  of  these  trajectories  is  steep,  of  high 
apogee;  the  other  is  flat,  of  low  apogee. 
If  we  try  lower  and  lower  thrust  cutoff 
speeds,  we  find  that  the  two  possible  tra- 
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The  determination  of  the  correct  trajec- 
tory for  such  long  flights  is  complicated  by 
many  factors.  One  of  these  is  that  the  earth 
does  not  stand  still,  but  rotates  on  its  axis. 

When  it  leaves  the  thrust  cutoff  point,  the 
missile  must  not  be  pointed  at  the  location 
of  the  target  at  that  moment,  but  at  the 
point  the  target  will  have  rotated  to  during 
the  missile's  time  of  flight.  A  missile  flying 
due  west  must  therefore  have  a  shorter 
trajectory  than  «the  actual  land-measured 
distance,  and  a  missile  whose  trajectory  lies 
across  the  North  Pole  must  be  aimed  at  a 
point  somewhat  east  of  the  target. 

The  earth's  rotation  also  imparts  an  east- 
ward velocity  to  the  missile  at  the  time  of 
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launching.  The  thrust  of  its  engines  di- 
rects the  missile  straight  up,  but  the  earth's 
spinning  throws  the  missile  toward  the  east. 
This  is  an  advantage  when  firing  a  missile 
eastward,  but  a  disadvantage  when  firing 
it  westward.  Nor  are  these  the  only  com- 
plications. In  aiming  long-distance  missiles 
which  travel  through  space  to  targets  on 
earth,  the  calculations  must  allow  for  differ- 
ences in  the  force  of  gravity  at  different 
places.  These  differences  occur  because  the 
earth  is  not  a  true  sphere  and  because  it  is 
neither  smooth  nor  of  consistent  density. 
The  trajectory  is  directly  affected  by  these 
differences. 

Further  complications  arise  from  the  fact 
that  the  moon's  gravitational  field  affects 
objects  on  earth.  Just  as  it  causes  ocean 
tides,  it  causes  tides  of  the  atmosphere.  The 
atmosphere  is  therefore  thicker  when  the 
moon  is  overhead.  Furthermore,  a  missile 
fired  when  the  moon  is  overhead  is  meas- 
urably lighter  in  weight  than  one  fired  when 
the  moon  is  on  the  opposite  side  of  the  earth. 

ICBM    Controls   and   Guidance 

A  ballistic  missile  is  dependent  on  its  con- 
trol system  for  maintenance  of  a  stable  atti- 
tude, especially  in  the  low-speed  portion  of 
the  trajectory  immediately  after  take-off. 
The  control  system  must  prevent  the  missile 
from  going  off  course  during  and  after  any 
disturbance,  such  as  a  gust  of  wind,  and  must 
prevent  wobbling  in  attitude  after  a  guid- 
ance command.  Because  it  is  difficult  to 
maintain  sufficiently  tight  control  without 
making  the   missile   unstable,   a   significant 


portion  of  the  control  system  engineering 
must  be  concerned  with  how  the  missile  is 
affected  by  airframe  vibration,  propellant 
sloshing  in  the  tanks,  and  so  forth.  "Solv- 
ing the  control  problem",  says  one  expert, 
"is  somewhat  like  trying  to  balance  a  four- 
foot  length  of  garden  hose  on  its  end." 

In  radio-inertial  or  radar-command 
guidance,  measurement  of  the  position  and 
velocity  of  the  missile  is  performed  by  one 
or  more  ground-based  radars,  and  corrective 
maneuvers  are  computed  by  a  ground-based 
computer  and  transmitted  to  the  missile  as 
"commands."  Inertial  elements,  such  as 
gyroscopes,  may  also  be  included  in  the 
missile,  their  purposes  being  to  keep  it  ap- 
proximately on  course  during  any  temporary 
loss  of  ground  guidance  and  to  prevent  im- 
pact on  friendly  territory  in  case  of  com- 
plete loss  of  ground  guidance.  However, 
precision  guidance  is  obtained  primarily 
from  the  ground. 

When  tracking  radar  is  used  for  guidance 
of  an  ICBM,  or  for  evaluation  of  the  guid- 
ance system,  an  error  in  apparent  direction 
of  the  missile  can  be  produced  by  refraction 
of  the  micro-waves  in  clouds.  This  problem 
is  under  experimental  and  theoretical  in- 
vestigation, as  is  the  problem  resulting  from 
the  fact  that  at  high  altitudes  the  exhaust 
flame  from  the  rocket  engines  spreads  to  a 
large  angle.  When  radio  communication 
between  the  missile  and  the  ground  is  nec- 
essary, the  transmission  path  may  be  through 
the  fla'ae,  and  the  ionization  of  the  gases 
in  &  ,7  kme  mav  attenuate  and  refract  sig- 
suci. -,p  extent  that  reception  will  be 


Air  Force's  Northrop  "Snark."  This  subsonic  missile 
with  a  5,000  mile  range  is  America's  first  inter- 
continental ballistic  missile. 

U.  S.  Air  Force  Photo 
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Boeing  "Bomarc"  long-range  supersonic  missile, 
designed  to  intercept  enemy  aircraft  and  missiles 
while  they  are  still  Far  from  American  borders.  The 
"Bomarc"  uses  rocket  power  for  take-off  and  ramjet 
power  for  cruising. 


difficult.  A  similar  problem  arises  when  the 
missile  goes  above  the  ionosphere.  This 
layer  of  charged  atmospheric  particles  also 
reflects  and  refracts  radio  control  and  track- 
ing signals,  especially  in  the  daytime. 

Construction   Problems 

The  design  of  any  airframe  involves  a 
continual  struggle  and  compromise  in  satis- 
fying requirements  of  both  weight  and 
strength.  For  a  long-range  ballistic  missile, 
as  for  test  and  satellite  rockets,  which  must 
be  power-accelerated  all  the  way  to  thrust 
cutoff,  excess  weight  is  a  critical  prob- 
lem, for  it  results  in  a  drastic  reduction  of 
maximum  range.  Yet  the  airframes  must 
have  sufficient  strength  and  rigidity  to  sup- 
port the  other  components  and  the  propel- 
lants  without  failing  under  normal  loads  at 
rest  or  in  flight.  Included  in  these  loads 
are  the  stresess  caused  by  vibrations  of  the 
engines,  propellant  sloshing,  directional 
maneuvers,  and  aerodynamic  heating. 

One  effect  which  must  be  allowed  for  is 
the  shift  of  the  center  of  gravity  of  the 
vehicle  as  the  propellant  is  consumed.  The 
relative  positions  of  center  of  gravity  and 
point  of  application  of  the  thrust  force  are 
a  determining  factor  in  missile  stability.  In 
a  multistage  vehicle  problems  of  stability 
arise  because  of  the  rapid  change  in  the 
position  of  both  the  center  of  gravity  and  the 
"center  of  pressure"  (thrust  application 
point)  when  a  stage  with  its  rocket  engines 
is  jettisoned  and  the  next  stage  begins  to 
operate. 
Re-entry 

The  nose  cone  of  an  ICBM  contains, 
among  other  things,  a  nuclear  warhead  and 
provision  for  arming  and  fuzing.  On  re- 
turning to  the  earth  through  the  atmosphere 
the  nose  cone  should  be  decelerated  to  re- 
duce the  possibility  of  burning  up  from 
aerodynamic  heating.  It  must  be  contoured 
for  the  required  deceleration  and  for  mini- 
mizing turbulence  over  its  surface,  and  it 
must  be  constructed  of  the  best  heat-resist- 
ant materials  which  can  be  developed. 

Several    independent    lines    of    evidence 
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have  yielded  approximate  values  for  the 
probability  of  a  collision  between  an  ICBM 
and  a  meteoric  particle  and  for  the  probable 
value  of  the  meteoric  mass  encountered. 
For  a  single  flight  there  appears  to  be  about 
an  even  chance  of  collision  with  a  particle 
of  diameter  as  large  as  0.0001  inch.  If  the 
vehicle  should  encounter  a  meteor  shower, 
the  collision  chances  would  be  larger,  though 
still  so  small  that  the  vehicle's  course  and 
range  would  not  be  affected  appreciably. 
The  damage  would  be  confined  to  abrasion 
and  pitting  of  the  vehicle's  skin.  Such  dam- 
age can  also  be  produced  by  encounters 
with  atmospheric  dust  during  the  initial  and 
final  portions  of  the  flight.  Pitting  of  the 
skin  conceivably  could  result  in  abnormal 
heating  during  passage  through  the  atmos- 
phere, which  can  create  some  problems.  As 
for  the  chance  of  collision  with  a  meteor 
sufficiently  massive  to  wreck  the  missile  or 
knock  it  seriously  off  course,  this  turns  out  to 
be  so  exceedingly  small  that  it  can  be 
ignored. 

The  warhead  uses  of  an  ICBM  are  ob- 
vious. Other  uses  may  ultimately  include 
intercontinental  exchanges  of  high  priority 
freight  and  passengers.  The  chief  difficul- 
ties to  be  surmounted  for  such  uses,  once 
techniques  have  been  perfected  to  permit 
safe  descents,  include  development  of 
cheaper  and  more  plentiful  fuels. 

MANNED   SPACE  VEHICLES 

The  first  steps  in  man's  space  travels  will 
probably  be  in  satelloids,  then  in  earth  satel- 
lites, and  then  in  vehicles  to  the  moon. 

The  satelloid  is  a  craft  which  flies  in  the 
atmosphere,  is  ballistic  or  orbital  in  space, 
and  returns  to  earth  as  a  powered  glider. 
One  such  craft  is  the  North  American  X-15. 
Speeds  of  4,000  to  5,000  mph  and  a  service 
ceiling  of  100  miles  have  been  mentioned  for 
the  X-15.  It  is  not  a  true  satelloid,  for  a 
true  satelloid  must  be  capable  of  circling  the 
globe  at  least  once,  but  it  is  the  first  step. 

The  X-15  and  the  satelloids  which  will 
follow  it  symbolize  the  fact  that  aeronautics 


and  astronautics  are  but  two  aspects  of  the 
single  phenomenon:  human  flight.  They 
will  use  rocket  propulsion.  Wings  and  con- 
ventional control  surfaces  will  not  disappear 
but  will  be  supplanted  by  small  rockets  for 
use  in  space  where  rudders  and  ailerons 
have  no  effect. 

They  may  be  launched  from  high-flying 
"mother"  aircraft,  from  balloons,  or  as  the 
last  stage  of  a  multistage  rocket.  Their 
speed  will  be  shown  on  cockpit  instruments 
which  read  in  Mach  numbers,  in  per  cent  of 
orbital  speed,  and  perhaps  in  angular  ve- 
locity relative  to  earth. 

Indications  are  that  satelloids  will  look 
very  much  like  modern  supersonic  aircraft 
such  as  the  X-3  or  the  F-104.  Their  shape 
will  be  irrelevant  in  space  and  so  will  be 
determined  almost  entirely  by  aerodynamic 
considerations. 

Insulated,  pressure-sealed,  detachable 
crew  compartments  will  be  used.  Such 
cabins  have  already  been  tested  on  balloons 
and  in  the  Bell  X-2. 

On  the  ground,  simulated  space-vehicle 
environments  have  already  undergone  tests 
with  men  inside.  Not  the  least  hazard  dur- 
ing long  trips  in  ultraconfined  spaces  is  the 
psychological  effect  upon  men,  particularly 
if  they  have  to  contend  with  weightlessness. 
However,  it  now  appears  that  if  an  earthly 
atmosphere  at  approximately  earthly  pres- 
sures and  temperatures  can  be  maintained, 
living  passengers  can  survive. 

Within  just  a  short  time  closed  living 
quarters  become  intolerable  because  of 
mounting  percentages  of  the  chief  waste 
product  of  breathing  beings — carbon  di- 
oxide. More  than  five  percent  is  intol- 
erable, and  this  concentration  occurs  long 
before  the  oxygen  content  falls  from  the 
normal  21  percent  to  a  danger  point  of 
12  percent.  Effects  from  other  body  wastes 
ultimately  become  dangerous  as  well,  and 
in  lengthy  space  travel,  such  as  to  planets,  a 
balancing  system  must  be  provided  in  a 
manner  analogous  to  the  balanced  aquarium 
in  which  fish  are  kept.     Perhaps  a  tank  of 
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The  Douglas    X-3. 


U.  S.  Air  Force  Photo 


algae  can  ultimately  be  developed  in  which, 
by  photosynthesis  (use  of  sunlight),  carbon 
dioxide  can  be  converted  to  its  component 
parts.  In  a  completely  balanced  system  for 
use  in  interplanetary  travel,  all  materials 
would  be  converted  or  salvaged  and  used 
over  and  over  again. 

Sustenance,  and  protection  from  too  dras- 
tic acceleration  and  deceleration  forces,  are 
the  next  problems.  The  latter  two  can  kill 
suddenly,  and  these  conditions  may  be  en- 
countered not  only  in  ascending  and  de- 
scending, but  in  turns  and  spins.  Descent 
through  an  atmosphere,  as  on  earth,  brings 
with  it  the  danger  of  overheating;  while 
deceleration  and  descent  onto  an  atmos- 
phereless  mass  such  as  the  moon  must  be 


particularly  smooth.  Adequate  built-in 
capability  for  safe  return  from  such  a  place 
as  the  moon  means  that  enough  fuel  must 
be  carried  to  accomplish  this  as  well  as  fuel 
for  deceleration  at  both  ends  of  the  journey, 
and  sufficient  food  to  insure  that  passengers 
do  not  starve  to  death. 

Propulsion   in   Space 

So  far,  the  only  practical  principle  for 
propulsion  in  space  seems  to  be  the  same 
action-reaction  principle  used  in  present  air- 
craft and  missiles.  The  accelerations  re- 
quired in  a  useful  space  vehicle  can  be 
achieved  in  the  same  way.  You  will  re- 
call that  thrust  can  be  increased  by  increas- 
ing the  mass  shoved  backward  per  second, 
and  that  this  can  be  achieved  in  two  ways: 


Drawing  based  on  material  from  Air  Force  Magazine 


Artist's  concept  of  the  North  American  X-1 5, 
virtually  a  manned  space  ship,  which  is  designed  to 
fly  between  4,000  and  5,000  mph  and  reach  an 
altitude  of  1  00  miles. 
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High-altitude  MC-4  partial  pressure  suit.  The  air- 
man is  in  a  pressure  chamber  during  a  simulated  high 
altitude  training  flight. 


Designed  initially  for  pilots  who  will  fly  the  North 
American  X-1  5,  the  XNC-2  space  suit  shown  here 
will  permit  airmen  to  fly  efficiently  at  extreme 
altitudes. 

"^^  U.  S.  Air  Force  Photo 


shoving  a  lot  of  mass  backward  at  a  lesser 
velocity,  or  shoving  a  smaller  mass  back- 
ward at  a  greater  velocity. 

It  turns  out  that,  in  order  to  keep  total 
ship  weights  as  low  as  possible,  it  is  better 
to  use  as  light  a  fuel  as  possible  and  eject 
it  at  the  maximum  possible  velocity.  Such 
an  arrangement  calls  for  low-weight  fuels 
but  very  high  power  and  energy  require- 
ments, as  well  as  heat  resistant  jet  nozzles. 

Vehicles  which  are  confined  to  the  atmos- 
phere and  can  depend  upon  the  gravita- 
tional force  of  the  earth  have  no  serious 
problems  of  deceleration.  A  missile  can 
stop  simply  by  falling  and  crashing  into  the 
earth.  A  conventional  aircraft  or  a  de- 
scending satelloid  can  waste  away  its  ve- 
locity by  relying  on  aerodynamic  drag  or  by 
cutting  power  and  nosing  up  to  let  gravity 
oppose  its  forward  momentum. 

A  space  ship  cannot  rely  on  these  tech- 
niques. Consider  a  theoretical  space  ve- 
hicle going  from  A  to  B  in  gravity-free 
space.  If  it  starts  from  rest  at  A,  and  wishes 
to  go  to  B  in  the  shortest  time,  it  will  ac- 
celerate at  the  maximum  rate  its  equipment 
and  crew  can  stand  until  it  reaches  the  mid- 
point of  its  journey.  At  this  point,  it  will 
have  to  reverse  its  engines,  and  if  the  ship 
is  to  come  to  a  stop  at  B,  the  deceleration 
rate  will  have  to  be  exactly  the  same  as  the 
acceleration  was.  It  therefore  requires  the 
same  amount  of  work  to  slow  the  ship  to 
a  stop  that  it  took  to  bring  it  to  the  mid- 
point. 
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The  foregoing  would  not  be  precisely  true 
in  practice.  The  ship  at  mid-point  is 
lighter  than  when  it  started  because  mass 
has  been  ejected  from  it,  but  if  the  mass  of 
fuel  consumed  is  small  compared  to  the  mass 
of  the  vehicle,  the  difference  will  not  be 
great. 


As  an  example  of  the  power  requirements, 
consider  a  vehicle  of  100  tons  weight  (about 
the  size  of  a  DC-8),  to  be  propelled  by  an 
ionic  rocket  at  an  acceleration  of  1  g,  with 
a  total  reaction  mass  of  10  tons.1  At  a 
flow  of  one  kilogram  (2.2  pounds)  per  sec- 
ond, the  power  output  required  will  be 
700,000,000  horsepower.  Such  a  ship  will 
possess  almost  three  hours  acceleration 
capability. 

Accelerating  from  "rest"  in  space,  this 
ship  could  reach  a  speed  of  35  miles  per 
second  and  still  have  sufficient  reserve  mass 
to  decelerate  again  to  rest.  The  total 
energy  required  to  exhaust  the  reaction  mass 
is  equivalent  to  25  pounds  of  Uranium  238 
at  full  efficiency. 

Having  reached  a  speed  of  35  miles  per 
second,  the  engines  may  be  shut  down  and 
the  vehicle  will  proceed,  coasting,  at  35  miles 
per  second  for  as  long  a  time  and  distance 
as  required.  In  essence,  insofar  as  propul- 
sion problems  alone  are  concerned,  the  mid- 
point of  the  journey  (point  M)  can  be  con- 
sidered to  stretch  out  as  far  as  is  desired. 
The  deceleration  phase  of  the  journey  can 
be  postponed  until  a  point  is  reached  which 
is  about  as  far  from  the  destination  as  the 
thrust  cut-off  point  was  from  the  departure 
point. 

A  M 


However  slight  their  effects  may  be  at  some 
points  in  space,  they  will  influence  a  space 
ship's  path.  They  can  therefore  be  counted 
on  to  assist  as  well  as  complicate  astronauti- 
cal  adventures. 

The   Implications  for  the   Future 

Contemplation  of  space  travel  opens  al- 
most infinite  realms  for  speculation.  The 
military  implications  are  obvious.  Mastery 
of  space  by  any  nation  would  be  a  powerful 
factor  in  establishing  domination  of  other 
nations.  Space  platforms,  whether  artificial 
or  the  moon,  may  provide  the  launching  sites 
for  known  weapons  or  destructive  agents 
not  yet  invented.  Some  scientists  say  that 
the  ICBM  will  be  effective  enough  without 
help  from  a  satellite,  but  only  time  will  tell. 

Peaceful  exploitation  of  space  capabili- 
ties may  lead  mankind  into  a  fantastic  fu- 
ture, for  the  scientific  knowledge  which  can 
be  gathered  only  in  outer  space  will  be  an 
invaluable  addition  to  our  understanding 
and  perhaps  eventual  control  of  the  natural 
forces  of  weather  and  climate,  of  gravity, 
of  the  power  of  the  atom  and  cosmic  rays, 
and  many  other  mysteries  of  the  universe. 

The  invention  of  the  steam  engine  re- 
sulted   in    vast    sociological    and    political 
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Of  course,  there  is  no  such  thing  as  grav- 
ity-free space.  The  gravitational  fields  of 
stars,  planets,  and  space  ships  themselves 
are   inextricably   intertwined   in   all    space. 


1  The  reaction  mass  is  the  mass  which  will  be 
thrown  out  the  back  to  propel  the  ship  forward. 
It  is  equivalent  to  the  exhaust  gas  of  a  conven- 
tional rocket.  The  ship  described  here  was  hy- 
pothesized by  Dr.  Peter  A.  Castruccio  in  an  ar- 
ticle in  Missiles  and  Rockets,  June  1957.  The 
data  are  used  with  special  permission. 


changes.  The  electric  generator  and  light 
changed  the  world's  daily  routine  of  living. 
The  automobile  has  changed  urban  geog- 
raphy and  forced  a  revolution  in  the  busi- 
ness of  retailing.  The  airplane  has  shrunk 
the  earth  to  a  tiny  ball  only  a  few  hours 
in  circumference.  Imagine  now,  if  you 
can,  what  will  be  the  effect  of  the  satellites, 
the  satelloids,  and  flight  into  outer  space. 
Only  a  hint  or  two  can  be  seen  today,  but 
the  thought  that  man's  destiny  lies  in  the 
stars  may  be  more  than  poetic  fancy. 
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